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VOORWOORD FOREWORD 
Die Atoomenergiekorporasie van S A Beperk en sy voorgangers 
is il sedert 1967 betrokke by die vervaardiging van radioisotope, 
d w s kort nadat die SAFARI-1 reaktor op Pelindaba in bedryf 
gestel is. Sedertdien het die gebruik van radioisotope in Suid-
Afríka vinnig toegeneem en tans word 95% van die in vivo 
diagnostiese radioisotope <radiofarmaseutiese middels) wat in 
die kerngeneeskunde gebruik word, plaaslik vervaardig. 

Omdat radioisotope hoofsaaklik in gesofistikeerde chemies of 
meganies geprosesseerde vorms gebruik word, vereis produksie 
nie net 'n kundige produksiespan nie, maar ook die toepaslike 
fasiliteite vir die vervaardiging van hockwaliteit-produkte wat 
aan die nodige veiligheidstandnarde voldoen. Voldoening aan 
sodanige standaarde is veral belangrik vir die roetineproduksic 
van radiofarmaseutiese middeis vir gebruik in kerngeneeskunde. 

Oor die afgelope twintig jaar het tegnesium-99m 'n dominante 
plek verower onder die diagnostiese middels in m.dcrne 
kerngeneeskunde. Die omvang van kerngeneeskunde brei op 
indrukwekkende wyse uit en sy toekoms lê in groot mate in die 
ontwikkelingvan nuweorgaanspesifiekc ttgnesium-99m radio-
diagnostiese middels. 

Tc-99m-moederbronne, die hoofbron van Tc-99m, is al baie 
verbeter en verander sedert dit in die laat I950's deel van 
kerngeneeskunde geword het. 

Die nuwe Peltek-F steriele Tc-99m-moederbron wat deur die 
Iso'.oopproduksiesentrum ontwikkel is, is 'n uitstekende voor-
beeld van vordcring wat gemaak is. 

Om die bekendstelling van ons nuwe Peltek-F-tegnesium-99m-
' moederbron in Augustus 1988 te viei, is daar besluit om die ses 

referate, wat deur lede van die Isotoopproduksiesentrum op die 
Derde Kongres van die Vereniging van Kerngeneeskunde 
(Bloemfontein, 15 —17 Augustus I988)gelcweris,tepubliseer. 
Ek vertrou dat dit sal dien as 'n nuttige verwysing oor verskeie 
aspekte van tegnesium-99m-tegnologie en dat dit die gebruik 
van die ptoduk sowel as nuwe navorsing op die gebied sal 
stimuleer. 

The Atomic Energy Corporation of SA Limited and its 
predecessors, the Atomic Energy Board and the Nuclear 
Development Corporation, have been engaged in the manu
facture of radioisotopes since 1967, shortly after the SAFARI-I 
reactor at Pelindaba was commissioned. Since then the use of 
radioisotopes in South Africa has grown rapidly and at present 
95% of the in vivo diagnostic radioisotopes (radiopharmaceuti
cals) utilized in nuclear medicine are manufactured locally. 

Because radioisotopes are applied mainly in sophisticated 
chemically or mechanically processed forms, production re
quires not only a skilled production team, but also the 
appropriate facilities for the manufacture of high-quality 
products which comply with the necessary safety standards. 
Compliance with such standards is especially important for the 
routine production of radiopharmaceuticals for use in nuclear 
medicine. 

Over the past 20 years technetium-99m has achieved a dominant 
position among the diagnostic tools in modern nuclear medicine. 
The scope of nuclear medicine is expanding continuously and 
its future lies primarily in the development of new organ-
specific technetium-99m radiodiagnostic agents. 

Many improvements and changes have been made to Tc-99m 
generators, the major source of Tc-99m, since they were 
introduced to nuclear medicine in the late 1950's. The new 
Peltek-F sterile Tc-99m generator developed by the Isotope 
Production Centre is a symbol of progress made. 

In order to commemorate the launching of our new Peltek-F 
technetium-99m generator during August 1988 it was decided 
to publish these six papers that were presented at the Third 
Congress of the Society of Nuclear Medicine held at Bloem
fontein during the period 15—17 August 1988 by members of 
the Isotope Production Cent;?. I trust that they will serve as a 
useful reference on various aspects of technetium-99m tech
nology and will stimulate the use of this product as well as new 
research in this field. 

.<y ̂  / ^ 
D van As 

BESTUURDER: KERNTEGNOLOGIE/MANAGER: NUCLEAR TECHNOLOGY 
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PROGRESS IN THE DEVELOPMENT OF TECHNETIUM-99m 
TECHNOLOGY IN SOUTH AFRICA 

P J Fourie 

SAMEVATTING 

Sedert April 1974 het die Isotoopproduksiesentrum op Pel-
indaba 'n aansienlike bydrae tot kerngeneeskunde in Suid-
Afrika gelewer deur 21 000 tegnesium-99m-generators en 'n 
groot aantal tegnesium-99m-merkstelle te produseer. Oor die 
afgclcpe 20 jaar het tegnesium-99m 'n dominante posisie onder 
die diagnostiese middels in moderne kerngeneeskunde verwerf 
[1]. Die waarde van die jaarlikse wêreldwye produksie van 
hierdie radionuklied word op $300 miljoen geraam [2,3]. Baie 
verbeterings en veranderings is aan tegnesium-99m-generators 
aangebring sedert hulle in die laat 1950's vir kerngeneeskunde 
ingespan i. In die nywerheidslande van die wêreld is die 
kerngeneeskundige professie goed vertroud met die gebruik van 
die draagbare chromatografiese generator wat klowingsmolib-
deen-99 as gemeenskaplike bron van tegnesium-99m gebruik 
[3]. Die nuwe Peltek-F steriele tegnesium-99m-generator wat 
deur die Isotoopproduksiesentrum ontwikkel is, is 'n uit-
muntende voorbeeld van vorde/ing en ontwikkeling op die 
gebied van tegnesium-99m-tegnologie in Suid-Afrika. Hierdie 
generator vergelyk gunstig met van die bestes in die wereld, 
veral wat werkverrigting, gehalte en veiligheid betref. Hoewel 'n 
groot a? nal tegnesium-99m-merkstelle kommersieel beskikbaar 
is, word baie navorsing steeds gedoen en tydens die afgelope 
jaar is 'n groot aantal fisiologies relevante verbindings met 
tcgnesium-99m gemerk en klinies getoets, "tral vir breinperfusie-
studies, miokardiale flikkergrafie en die bepaling van renale 
opruiming. Op n bepcrkter skaal konsentreer navorsers van die 
Isotoopproduksiesentrum op \i paar van die belangrikste van 
hierdie produkte. Oaar is belowende tekens dat, met hierdie 
nuwe verbindings, die belangrikheid van tegnesium-99m in 
kerngeneeskunde sal toenecm. 

ABSTRACT 

Since April 1974 the Isotope Production Centre at Pelindaba 
has made a considerable contribution to nuclear medicine in 
South Africa by producing 21 000 technetium-99m generators 
and a large number of technctiunv99m labelling kits. Over the 
last 20 years technetium-99m has achieved a dominant position 
among the diagnostic tools in modern nuclear medicine [ I ]. The 
value of the annual production of this radionuclide, on a 
worldwide scale, is estimated at $300 million [2,3]. Many 
improvements and changes have been made to technetium-99m 
generators since they were introduced to nuclear medicine in the 
late 1950s. In the industrialized countries of the world the 
nucler.r medicine profession is accustomed to using the portable 
chromatographic generator utilizing fission-molybdenum-99m 
as its common souwe of technetium-99m [3]. The new Peltek-F 

sterile technetium-99m generator developed by the Isotope 
Production Centre is an excellent example of progress made in 
the development of technetium-99m technology in South 
Africa. This generator compares very favourably with some of 
the best in the world today especially with regard to per
formance, quality and safety. Although a large number of 
technetium-99m labelling kits are commercially available, 
much research is still going on and within the put few years a 
large number of physiologically relevant compounds have been 
labelled with technetiunv99m and have been clinically tested in 
particular for brain perfusion studies, myocardial scintigraphy 
and the determination of total renal clearance. On a more 
limited scale researchers of the Isotope Production Centre are 
concentrating on some of the most important of these products. 
There are promising signs that with these new compounds the 
significance of technetium-99m in nuclear medicine will increase. 
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INTRODUCTION 

The dominant position of iechnetium-99m among the radio-
diagnostic tools in modern nuclear medicine has stimulated 
worldwide research and the development of a wide variety of 
new products using this radioisotope, which is manifested by 
the continuous stream of publications in international journals 
to which South Africans have also contributed. 

A few of the articles published by South Africans during the last 
decade are briefly discussed below. 

In 1979 Van Wyk et al. [4J synthesized five new Tc-99m-HIDA 
isomers. These were compared with Tc-99m-<2,6-diineihyl)» 
HIDA by means of TLC and biodistribution studies in rabbits. 
The researchers concluded that, since the isomers of HIDA 
have identical molecular masses, the differences noted in the 
biodistribution of these compounds may be attributed to 
stereochemical differences. 

In order to obtain a closer correlation between the coordination 
chemistry of technetium and its application in nuclear medicine 
Du Preez et al. [5,6.7,8,9] investigated various Schiff base type 
ligands. The same author [ 10) also studied the interaction of the 
antibiotic lasalocid A (X-537A) with penuvalent technetium 
ions in pure methanol and in methanol-water mixtures by 
means of spectrometric analysis. 

New Tc-99m adamantane compounds and a Tc-99m-BAT 
variant were developed as potential brain-imaging agents by 
Van Wyk ei al. [II). These compounds compared favourably 
with the original BAT compounds and their analogies in studies 
with mice; even after 30 min brain retention was noted. 

Van Aswegen et al. [12] confirmed the differences in the 
physiological behaviour of six Tc-99m-labelled hepatobiliary 
radiopharmaceuticals and further demonstrated identical flow 
patterns for locally produced and imported compounds. 

A review of technetium-99m scintigraphy and the use of Tc-99m 
labelling kits was given by Itturalde [13] while the importance of 
the biological evaluation of the Tc-99m biological compounds 
was described by Van Zyi [14]. 

The well-known locally produced Tc-99m generator, in use for 
more than 14 years, was described by Fourie [151. This 
genfrator was evaluated by Hartman against two from inter
national manufacturers [16]. 

Many yean of extensive research has resulted in the new Peltek-
F sterile Tc-99m genera.'.* for which a South African patent 
application has been submitted [17]. 

The necessity of monitoring spent columns from Tc-99m 
generators was illustrated by Wasserman and Fourie after it 
was found that ten columns from an overseas producer 
contained excessive Co-60 [18]. 

The determhiation of aluminium i.i Tc-W . duates by a rapid 
and sensitive method and the qizntificstion of methylene 
diphosphonic acid in labelling kits by means of complexometric 
titration of thorium were described by Van der Watt and 
Fourie [19,20]. 

Many other papers by South Africans on the application of 
Tc-99m compounds in nuclear medicine appeared in inter

national journals. However, it is beyor.d the scope of this article 
to discuss them. 

This article will concentrate on the production and properties nf 
the new Peltek-F sterile Tc-Wm generator which is an excellent 
example of progress made in the development o( Tc-Wm 
technology in South Africa. 

THE PELTEK-F GENERATOR 

Important factors that influence TC-99B» generator performance 

Many yean of research and experience at Peiindaba confirmed 
the findings of severs1 investigators that various factors in
fluenced the performance of the Tc-99m generator. Some 
important causes of low elution efficiency are radioiysis, 
mechanical problems and organic impurities. Boyd found that 
plasticizer residues (ex saline containment), disinfectants 
(ethanol. propan-l -ol), glue (cyclohexanone) and rubber stopper 
extracts (leached during autoclaving) were capable of poisoning 
a generator down to an operating efficiency of less than 
10% [3]. 

A reductive environment in the generator column may reduce 
Tc-99m from in most stable oxidation state (VII) in the 
pcrtechnetate form to lower oxidation states. The dynamic 
equilibrium between various oxidation states can be represented 
as follows: 

Tc-90m-TcO; ** Tc-99m-TcOi- ** Tc-99m-TcO, 
(VII) (VI) (IV) 

(pertechnetate) (technetate) (Tc-99m dioxide) 
(insoluble) 

The acid alumina column has positively charged aluminium 
sites and behaves as an anion exchanger which adsorbs 
negatively charged species such as molybdate, pertechnetate 
and technetate selectively. 

The equilibrium of molybdate species at various pH levels can 
be described as follows: 

pH=6 pH=4.5 pH=IJ 
Motf *» Mo,0^ *5 Mofif ** (higher polymiB)0 

alkaline 
molybdate 

The more negatively charged anions are more strongly bound to 
the alumina column, v/hereas the technetium dioxide is 
insoluble. 

Tc-99m in the pertechnetate form is the least tightly bound in 
the acid alumina column and can easily be separated by a saline 
solution from the strongly bound molybdate ions. 

The reduced technetium such as technetate having a double 
negative charge is very strongly bound to alumina, making it 
virtually impossible to extract the technetium from the column 
with isotonic saline. 

A number of methods to minimize or reverse the radiation-
induced loss of elution efficiency have Seen recommended, e.g.. 
drawing air through the column to bring it into contact with 
oxygen, adsorption of an oxidizing agent on to the column such 
as chromate, manganese dioxide or copper(II) ions, or by the 
addition of an oxidizing agent such as nitrate to the elution 
solution [I]. 
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In the development of the Peltek-F generator we concluded that 
the main problems of maintaining high elution efficiency and 
purity related to the selection of appropriate methods and 
materials of construction and a strict adherence to good 
manufacturing practice. It was thus possible to produce a 
modern chromatographic generator with enhanced yield of 
Tc-99m and radiopharmaceutical suitability without recourse 
to chemical additives to the eluant. 

Important aspects of our new generator are described in the 
following paragraphs. 

Physical aspects of the Peltek-F column 

The column comprises a cylindrical glass tube of 45 mm length 
and 7 mm internal diameter containing a packed bed of 
alumina particles (Fig. 1). The inlet of the column is plugged by 
a layer of glass wool and the outlet is closed off by a thin disc of 
fibre glass on top of a disc-shaped porous sintered glass filter 
(No. 2 porosity). The thin fibre-glass disc removes 0,5 (J 
particles from the eluate. Opposite ends of the glass tube are 
closed off by rubber plugs. 

Add activation of the ahmiaa 

The alumina is prepared in such a way that the inlet of the 
column is least acidified, with the degree of acidification 
increasing progressively and continuously towards the outlet of 
the column where it is most highly acidified (Fig. 1). 

Loading the with fissioa Mo-99 

As a starting material for loading the alumina column we use 
fission Mo-99 which is commercially available from various 
man-, acturers. The purity level of a typical fission-produced 
Mo-99 sample is very high, as shown in Table 1. This product 
specification is a certificate of guarantee in the final quality 
control report received irom the manufacturer. 

TABLE 1 
Mo-99 PRODUCT SPECIFICATION 

Chemical form: Mo-99 (as molybdate) in 0,2 N NaOH 

Specific activity: Carrier-free >74 TBq/g Mo 

Activity concentration: >l l , lGbq/cm 3 

Radiochemical purity: Mo-99 (as molybdate) >99% 

Radionuclidic purity: Gamma: I-131/Mo-99 
Ru-103/Mo-99 
Te-132/Mo-99 

<5xl0- s 

Beta: Sr-89/Mo-99 <6xl0" 
Sr-90/Mo-99 ^ x l C 

Alpha: Total a/Mo-99 <lxl(T 

INLET 

ALUMINIUM CAP 

RUBBER SEPTUM 

GLASS WOOL 

GLASS COLUMN 
ALUMINA 

FIBRE GLASS FILTER 
SINTERED GLASS FILTER 

RUBBER SEPTUM 
ALUMINIUM CAP 

4 6 
ELUATE pH 

10 

OUTLET 

Figure 1 
Acid fractionated Alfii column 
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An important advantage of Fission Mo-99 is its high specific 
activity. This allows the production of generators loaded with 
many GBq, using only very small amounts of alumina. The 
columns contain about 1,2 g of alumina each anc' the Mo-99 is 
fixed over a relatively large area — approximately one third — 
of the column, the surplus alumina is there for reasons of safety. 

The fission-produced Mo-99 in the form of a neutral molybdate 
solution is fed through the alumina column from the inlet wh< re 
it will adsorb on to the alumina in a band adjacent to the inlet 
(less acid) end of the column. The lower portion of the alumina 
column will contain no adsorbed molybdate but has a progres
sively increasing concentration of available acidic adsorption 
sites for molybdate ions. 

It is an important feature of our alumina column that the 
molybdate ions are adsorbed in a part of the column where both 
the acidity and the concentration of acid adsorption sites are 
low, so that the concentration of molybdate ions and intensity 
of beta rays are low. This favours pertechnetate ions at the 
expense of ions in which the Tc-99m is at a lower oxidation 
state, and greatly facilitates elution. 

The reduction of Tc-99m species by beta particles (Mo-99 
decay) takes place in the presence of water, and the degree of 
reduction depends on the intensity of the brta rays, and 
accordingly on the concentration of molybdate. Thus, with a 
high concentration of molybdate, technetate ions, or indeed 
adsorbed Tc02, are favoured at the expense of pertechnetate 
ions, whereas with a low molybdate concentration, pertech
netate ions — which are desirable — are favoured, the beta ray 
intensity being related to the molybdate concentration. The 
acid outlet end of the Peltek-F column acts mainly as a 
safeguard for possible Mo-99 breakthrough. 

Production facilities 

The fission-produced Mo-99 is received from the overseas 
manufacturer in a plastic flask shielded by lead and depleted 
uranium, and contained in a steel barrel. 

By using remote-controlled equipment the plastic flask with 
Mo-99 solution is introduced into the generator-production 
cells of the Isotope Production Centre. 

The generator cells are encased in lead-brick walls ISO mm 
thick to protect the operators against the high-energy radiation 
from the Mo-99. The walls are fitted with remote-controlled 
tongs and the operations are observed by the personnel through 
lead-glass windows which are approximately twice as thick as 
the lead shielding. 

In the hot cell the fission-Mo-99, which is received as an alkaline 
Mo-99m sodium molybdate solution, is neutralized with dilute 
nitric acid and fed through the alumina column from the top by 
a remote-control pumping station. The concentration, volume 
and flow rate of the sodium molybdate solution typically 
depend on the loading of molybdate ions required in the column 
and are determined by routine experimentation and pre-
prepared data. 

Generator source strengths that can be provided are 4,8,12,20, 
30 and 40 GBq Mo-99 (40 GBq is equivalent to I 080 mCi). 

After loading the Mo-99 on to the columns, the latter are 

batch-sterilized for 20 min at 121 °C in a pressure steam 
sterilizer. 

The sterilized columns are then placed upside down in lead-
shielded pots so that the top of the lead pot houses the outlet 
and the bottom the inlet of the generator column. The lead pot 
has a wall thickness of 100 mm and a mass of 11,7 kg. 

The assembly of the shielded generator columns with the 
elution devices and the functional checking of each generator 
combined with a Mo-99 breakthrough test are carried out in a 
laminar flow cabinet. 

After assembly and quality control the generators are prepared 
for shipping and transported into the despatch area for final 
packing. 

Additional labels and package inserts, as required by the 
Medicines Control Council, and other paperwork are attended 
to in this area. 

The accessories for the Tc-99m generator are ready in the 
packaging area. Every generator shipment includes evacuated 
eluate-collecting vials (eluvial) with a volume of 12 cm1 and 
evacuated needle protection vials (sterivials) with a volume of 
5 cm3 sufficient for 10 elutions. 

The packaging of every generator complies with the safety and 
transportation regulations for road, rail and air, -nd the 
packaged generators are transported to the various customers 
by the Isotope Production Centre and a local shipping agent. 

The Peltek-F geaerator ehrtioa system 

Our Peltek-F generator has been constructed for a minimum of 
handling operations by combining the parts of the elution 
device with the shielded generator column. In the sectional view 
of the generator system (Fig. 2) a polythene bag containing 
saline solution can be seen mounted on the side next to the lead 
pot, with its lower end at the same height as the lower (inlet) end 
of the generator column. 

A T-piece connects the polythene bag by silicon tubing and a 
steel needle to the inlet end of the generator column at the 
bottom of the lead pot, and at the top by silicon tubing to a 
microbial filter. The latter is closed by a special plug which acts 
as a valve in the elution procedure. 

The outlet of the column at the top of the lead pot is connected 
by a steel needle to a sterivial in order to maintain sterility. 

Prior to elution the sterivial is removed and discarded, after 
which an eluvial is firmly mounted on to the needle. Sterile 
isotonic saline solution is drawn from the polythene reservoir 
and moves through the generator column and accumulates as 
pertechnetate (Tc-99m) eluate in the eluvial. 

Prior to elution the c'uvial is mounted into a specially designed 
lead-shielded container with a calibrated window (eluvial 
holder). The eluvial holder shields the operator from radiation 
and allows accurate volume fractionation. 

A minimum of 2 cm1 eluate must be collected, and this contains 
the total Tc-99m yield. It is possible to elute a tout volume of 
12 cm1 in 3 min. 

Elution is stopped by removal of the cap from the microbial 
filter. 



PER-164-7 

MICROBIAL FILTER-

SILICON TUBING 

T-PIECE 

0,9% NaCI 
IN A POLYTHENE 

STEEL NEEDLE 

COLUMN OUTLET 
GLASS COLUMN 
ALUMINA 

COLUMN INLET 
STEEL NEEDLE 

Figure 2 
Fission molybdenum generator (Peltek-F) 

The eluvial holder with eluvial is removed and a clean new 
sterivial is firmly pressed on to the needle. 

The actual Tc-99m yield will vary slightly due to the elution 
efficiency which varies from generator to generator although it 
will normally be more than 90% of the available Tc-99m activity 
during the life of the generator. 

A portable plastic case which is designed with integral positions 
for all the elution accessories, such as eluvials and sterivials, 
permanently houses the total generator assembly (Fig. 3). 

A con oaríson between the elution profiles of the new Peltek-F 
generator and those of the previous well-known Pelindaba 
generator can be seen in Fig. 4. 

Quality control of Tc-99m pcrtechnetate 

Chemical purity, sterility, apyrogenicity, radionuclidic and 
radiochemical purity are necessary properties of radiopharma
ceuticals and will be discussed in subsequent papers. 

Elution efficiency is also an important quality control aspect of 
a radioisotope generator. A comparison oi Tc-99m eluates from 
two imported generators and Peltek-F eluates with respect to 
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Figure 3 
Plastic case housing Peltek-F 
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Tc-99m elution efficiency, Mo-99 breakthrough, aluminium 
content and pH is given in Table 2. From these values it is clear 
that the Peltek-F generator is superior with respect to T<>99m 
elution efficiency and Mo-99 content of the Tc 99m eluate. 

TABLE 2 
COMPARISON BETWEEN TWO IMPORTED 

GENERATORS AND THE PELTEK-F GENERATOR 

Day of 
elution 

%Tc-99m 
in eluate 

kfiq Mo-99/mBq 
Ti-99m Al'Vcm' 

pH Day of 
elution 

1 2 P 1 2 P 1 2 P 1 2 P 

1 6,4 92 99 0,040 0,03 0,0003 <1 <l <1 5,4 6.4 64 

2 37 95 98 0,010 0,03 0,0002 <l <1 <l 5,6 6,6 6,5 

3 94 94 98 0,003 0,03 0,0002 <1 <1 <1 5,3 6,4 64 

4 1,9 94 98 0,120 0,03 0,0040 <l <1 <1 5,3 64 64 

5 4,3 98 97 0,060 0,01 0,0006 <1 <1 <1 5,3 6,5 64 

Note: 1,2: Imported generators 
P: Peltek-F generator 

Tc-99m LABELLING KITS 

A considerable part of the eluates from Tc-99m generators is 
transformed into Tc-99m radiopharmaceuticals by the reaction 
of pertechnetate with the chemical constituents of kit for
mulations. The essential reactions in this process, such as the 
reduction of pertechnetate in the presence of the ligand 

resulting in complex formation, proceed in the micromolar 
concentration range. These reactions are sensitive to trace 
amounts of contaminants in the -luate as well as to maltreatment 
of the Tc-99m generator. 

A kit may fail mainly due to significant reduction of the 
available tin(ll), either by oxidation during the reconstitution 
or storage of the kit, or by reactions with the long-lived Tc-99 
and/or other radiolytic products. 

Extensive Tc-99m labelling trials were carried out using the 
Peltek-F eluate and in all cases excellent labelling was achieved. 

At present the Isotope Production Centre regularly produces 
the five labelling kits described in Table 3. 

TABLE 3 
Tc-99n LABELLING KITS 

Lake** kit Micatk» 

Pyrophosphate 
Methylene diphosphonate (MDP) 

Tin colloid 

Liethylenetriarainepenta-
acetkacid(DTPA) 

DISIDA 

Bone scintigraphy 

Liver scintigraphy 

Renal function tests 
Siain scintigraphy 

Liver function tests 

The growth in the supply of locally manufactured Tc-99m 
labelling kits and Tc-99m generators over the last decade is 
illustrated by Figure S. 
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Growth of locally manufactured Tc-99m and Tc-99m labelling kits 
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CONCLUSION 

The excellent support of the nuclear medicine community in 
South Africa as well as the experience and enthusiasm of the 
isotope production team will ensure a continuous effort in 
developing new Tc-99m radiopharmaceuticals as well as the 
improvement of existing radiopharmaceuticals. Subsequent 
papers by i r e personnel at this conference are proof of the 
above statement. 
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NEW Tc-99m RADIOPHARMACEUTICALS FOR 
CARDIAC PERFUSION STUDIES 

A J van Wyk 

SAMEVATTING 

As 'n hartperfusiemiddel het TI-201 verskeie swakhede, nl. 
onbevredigende nuklidiese eienskappe, biologiese herdistribusie, 
beperkte beskikbaarheid en hoë koste. Ten einde hierop te 
verbeter is verskeie Tc-99m-isonitrieie onlangs ontwikkei nl. 
TBI, CPI en MIBI. Alhoewei daar duidelike miokardiale 
opname is, toon Tc-99m-TBI herdistnbusie asook hoë long- en 
leweropname met retensie. Tc-99m-CPI toon laer longopname 
maar relatief hoë leweropname en ook miokardiale uitwassing. 
Tc-99m-MIBI toon relatief lae long- en lewer- aktiwiteit en 
betekenisvolle miokardiale retensie om 'n goeie teiken-tot-
agtergrond-verhoudingte gee. 'n Program is onlangs begin om 
sommige van hierdie middels plaaslik beskikbaar te stel. 

Die isonitriel MIBi en sy etielanaloog is as volg berei: 
2-metielallieiamien.HCl is geformileer om N-2-metiel-2-pro-
penielformamied te lewer. Selektiewe reduksie en hidrolise in 
metanol (etanol) het N-2-metoksie-(etoksie)-metiel-propielfor-
mamied gelewer. Laastens, na dehidrasie is 2-metoksie(etokste)-
2-metielpropiel-isonitriel, MIBI(EMI), verkry. Uitstekende 
samewerkinij is van die Dept. Biofisika, UOVS, en die Dept. 
Lewenswetenskappe, UP, ontvang om hierdie middels te he-
studeer sowel by bobbejane as by pasiente. Na sintese is 
merkprosedures vir die Tc-99m-isonitrieie uitgewerk, wat re
duksie van 15 — 20 min in 'n outoklaafproses behels, gevolg 
deurdkAikK>rmetaanekstraksk,oplossingin l%-Tween80-soutwater-
oplossing en Millipore illtrasie om finale opbrengste van 
50 — 60% te lewer. 

Radiochemiese suiwerheid is deur verskeie chromatografiese 
prosedures bevestig. Beide MIBI en EMI het vinnige galblaas-
uitskeiding by primate getoon, wat na 60 min voldoende 
visualisering van die miokardium verseker weens laer lewer- en 
longagtergrond. Tydens pasíëntstudies met MIBI is ook gunstige 
hart-tot-long(lewer)-verhoudings verkry. Die resultate dui aan 
dat Tc-99m-MIBI gunstig met TI-201 vergelyk en 'n belowende 
middel is om miokardiale ischemic en infarksie te evalueer. 

ABSTRACT 

TI-201 suffers from several drawbacks as a cardiac agent, i.e. 
unsatisfactory nuclidic propc rties, limited availability, biological 
redistribution and high cost. Several promising Tc-99m cationic 
isonitrile compounds have recently been developed to address 
these problems, viz. TBI, CPI and MIBI. Although showing 
clear myocardial uptake, Tc-99m-TBI exhibits redistribution as 
well as high lung and liver uptake with retention. Tc-99m-CPI 
shows lower lung uptake but relatively high liver uptake and 
also myocardial washout. Tc-99m-MIBI shows relatively low 
lung and liver activity and significant myocardial retention to 
give a good target-to-background ratio. A programme was 
recently started to make some of these agents available locally. 

The isonitrile MIBI and its ethyl analogue were synthesized as 
follows: 2-methylallylamine.HCl was formylated to give N-2-
methyl-2-propenylformamide. Selective reduction and hydro
lysis in methanol (ethanol) gave N-2-methoxy (ethoxy)-methyl-
propylformamide. Finally dehydration gave 2-methoxy(ethoxy)-
2-methylpropyl isonitrile: MIBI (EMI). Excellent cooperation 
with the Dept of Biophysics, UOFS, and the Dept of Life 
Sciences, UP, was obtained to study these agents both in 
baboons and patients. After synthesis, labelling procedures 
were worked out for the Tc-99m isonitriles, involving reduction 
in an autoclave process for 15 — 20 min, fnlowed by dichloro-
methane extraction, dissolution in 1 % Tween 80-saline solution 
and Millipore filtration to give final yields of 50 — 60%. 

Radiochemical purity was verified by various chromatographic 
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procedures. Both MIBI and EMI showed rapid biliary clearance 
in primates, ensuring adequate visualization of the myocardium 
due to lower liver and lung background after 60 min. In patient 
studies with MIBI favourable heart-to-lung (liver) ratios were 
also found. The results indicate that Tc-99m-MIBI compares 
favourably with Tl-201 and is a promising agent to evaluate 
myocardial ischemia and infarction. 

INTRODUCTION 

Radionuclide scintigraphy of the heart provides a safe non
invasive tool for the evaluation of myocardial perfusion. Up to 
now many radioisotopes have been used for cardiovascular 
imaging, viz. K-42, Rb-K?, Tl-201 and now Tc-99m [1]. 
Myocardial scintigraphy with Tl-201 has become a routine part 
of the clinical evaluation of patients with -oronary artery 
disease. While the initial distribution of Tl-201 reflects blood 
flow, it is not ideal and suffers from constraints such as low 
energy of the mercury X-ray emissions (69—83 keV), significant 
soft tissue attenuation and a relatively long half-life (73 h). Its 
myocardial distribution reflscts flow for a short time only after 
stress due to redistribution. 

Recent advances in instrumentation have made some of these 
drawbacks tolerable, e.g. thn Nal(Tl) crystals, increased 
photomultiplier tubes and SPECT have all contributed to 
improving the imaging of Tl-201. Problems of limited dose 
administration, long imaging tines, high cost and availability 
still remain. 

IDEAL MYOCARDIAL PERFUSION AGENT 

The ideal myocardial perfusion agen, should have the following 
properties: 

No pharmacological effects, 
distribution proportional to blood flow over the physiological 
range, 
rapid blood clearance, 
no myocardial clearance or redistribution, 
satisfactory target-to-background ratjo, 
good gamma-ray energy, 
low absorbed dose, 
short effective half-life, 
ready availability and 
reasonable cost. 

A myocardial imaging agent using the radionuclide Tc-99m, the 
optimal single photon emitter in nuclear medicine, would be 
extremely useful especially regarding photon flux, detection 
efficiency and ready availability due to the convenient Tc-99m 
generator. Accordingly, Tc-99m has much more favourable 
properties than Tl-201. Tc-99m is the least expensive, most 
widely used and readily available radionuclide in current use. 
Most gamma cameras have come to be designed around its 
favourable energy characteristics (140 keV) and its short half-
life of 6 h. Its favourable dosimetry allows for higher ad
ministered doses, with resultant increase in photon flux. The 
high count rate, improved energy resolution and lower photon 
attentuation compared with Tl-201 result in improved spatial 
resolution for planar and gated imaging, including SPECT. 

NEW Tc-99m MYOCARDIAL AGENTS 

Although several Tc-99m-labelled agents appeared promising 
in animals for myocardial perfusion imaging [2] they were 
disappointing in clinical studies [3,4]. However, new advances 
were recently made in the development of the Tc-99m isonitrile 
compounds. 

Tc-Wm Isoattrile complexes 

The isonitrile complexes of Tc-99m in the plus one oxidation 
state are octahedral structures with six isonitrile ligands carbon-
bonded to technetium. The R group of each ligand can be 
varied, producing changes in shape and size of the inner 
coordination sphere of the resulting technetium complex, which 
alters its density and lipophilicity and hence the biological 
properties (Fig. 1). The three most promising isonitrile ligands 
are TBI, CPI and MMI(MIBI) (Fig. 2). 

HEXAKIS (ISONITRILE) TECHNETIUM (+1) 

Figure I 
Octahedral structure of the isonitrile complexes ofTc-99m(+\) 

Davison Jones Du Pont* 

CH, O CH, 
1 I 2 || | 

CHj — C — N S C CH,0 — C - C - N S C 
J 

ester CH, CH, 
TBI CPI 

CH, 
3 I 

CH3 — C - C H 2 - N S C 
I 
OCH, - ether 
MIBI/MMI * 'CARDIOLITE' 

Figure 2 
Tc-99m Isonitrilts: heart perfusion is equivalent to TI-201(+\) 
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Synthesis of MMI and EMI 

The full synthesis of MMI and its ethyl analogue EMI is shown 
in Scheme 1 and was basically done as fallows: 
M-thylallylamine.HCl (1) was formylated with formamide in 
the presence of triethylamine to give amide (2). 
This was followed by selective addition of methanol/ethanol in 
»re presence of mercuric acetate, followed by reduction with 
sodium borohydride to yield products (3) and (4). 
Finally these products were dehydrated with phosphorous 
oxychloride in the presence of triethylamine to give MMI (5) 
end EMI (6). 

CH, 
I 

CH 2 = C — CH 2 — NH2 (i) 
HCONH2 

<C2H5),N 

CH, 

CH, = C — CH, — NH — C — H (2) 
Hg(CH,COO)2 

NaBH4 

CH,OH/C 2H 5OH 

CH, 

CH, — C — CH 2 — NH — C — H 
I 
OR 

R = CH, 
R = C 2H 5 

(3) 
(4) 

(C2H,),N 
POC1, 

CH, 
I 

C H , - C — C H 2 - N = C 
I 
OR 

R = CH, 
R = C 2H 5 

Scheme I 
Synthesis of MMI and its ethyl analogue EMI 

(5) 
(6) 

LABELLING METHODS FOR Tc-99m COMPLEXES 

Various methods can be used for the labelling of isonitriles with 
Tc-99m, e.g. 

Dithionite reduction 
Sufficient quantities of isonitrik, ethanol and sodium dithionite 
are sealed in a vial. Sodium pertechnetate is added and the vial 
heated on a boiling-water bath for I min. The product is 
sterilized by filtration and used directly. 

Stannous reduction and ligand exchange 
Sodium pertechnetate is added to a standard glucoheptonate or 
pyrophosphate kit. The isonitrile adduct of ZnBr2 is then added 

and the vial heated on a water bath for IS min. After cooling, 
the vial can be treated in two ways viz.: 

The fluid contents of the vial are withdrawn and discarded, 
leaving the lipophilic Tc-99m isonitrile adhering to the vial. The 
vial is rinsed with saline and finally the complex is taken up in 
ethanol. After saline addition the product is filtered through a 
Millex FG 0,22 fj filter. This method suffers from variable 
yields, e.g. 30 — 60% in the case of TBI [5,6] and less than 20% 
with CPI [7]. The lipophilic Tc-99m-isonitrile complex can also 
be extracted with dichloromethane. The solvent is evaporated 
to dryness and the product taken up in ethanol. After saline 
dilution and passage through a Millex FG 0,22 u filter the 
product is ready for patient administration. 

Modi led stannous redaction method [8] 

Pertechnetate, saline and ethanol are sealed in a vial. Isonitrile 
is added via a glass syringe followed by stannous chloride in 
ethanol and heated in a water bath and evaporated to dryness 
whik still on the water bath. The diy vial is rinsed with saline 
and the product adhering to the wall of the vessel dissolved in 
ethanol and diluted with saline. Before injection the product 
was passed through a 0,22 /i Millex FG filter. The yield after the 
rinsing step and passage through the filter was SO — 70%. 

Modified AEC methods 

Sufficient isonitrile, ethanol and sodium dithionite are sealed in 
a vial. Sodium pertechnetate in a volume of 1 ml (0,74 GBq and 
more) is added and the vial autoc'aved for IS — 20 min. Saline 
(5 ml; containing 1 % Tween 80 is added and the mixture filtered 
through a 0,22 fj filter. Yields of 50 — 60% are obtained. 

After the autoclave procedure the mixture is cooled and 
extracted with dichloromethane a few times. The solvent is 
evaporated and the product taken up in ethanol-saline or 1% 
Tween 80-saline solution. The product is again filtered. 

The above methods all suffer from various drawbacks viz. 
variable yields, unstable components (e.g. adducts), incon
venience and are also time-consuming (dichloromethane ex
traction), etc. 

This has led to another approach, viz. 

Caniiolite kit method (Dn Pont) 

This approach is much more convenient than previous ones. 
The sterile lyophilized kit contains 1 mg of [Cu(MIBI)4]BF4 as a 
stable salt, 0,075 mg of SnCl2 as reducing agent, 2,6 mg of 
sodium citrate as stabilizing agent and 1 mg of L-cysteine as 
well as 20 mg of mannitol as ligand-exchange agents. After 
addition of sodium pertechnetate, the contents are heated on a 
boiling-water bath for 10 min, which leads directly to a usable 
product with a yield of more than 90%. 

QUALITY CONTROL METHODS 

The following chromatographic methods were found to be 
useful to determine radiochemical purity: 

Chromatographic support, ITLC:Gelman SG. 
Solvent: methanol:CH3CI2:: 20:80 
RF of Tc-99m isonitriles: 0,9 — I 
RF of Tc-99m-TcOJ and Tc-99m-TcOj: 0 
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Solvent: methyl ethyl ketone 
R, of Tc-99m isonitrile: MMI: 0,5; EMI: 0,8 
R, of Tc-99m-TcO;. 0,9 — 1 
RfofTc-99m-TcO2:0 
Solvent: saline 
Rf of Tc-99m isonitrile and Tc-99m-Tc02:0 
Rf of Tc-99m-TcO;: 0,9 — 1 

By using these methods the percentage of Tc-99m isonitrile, 
Tc-99m-TcOJ and Tc-99m-Tc02 could be established. 

PROPERTIES OF Tc-99m ISONITRILES 

Tedwetium-99m-TBI 

Tc-99m-TBI was the first Tc-99m-isonitrile complex to demon
strate myocardial uptake in humans. The Tc-99m-TBI complex 
could be regarded as a charged ball with 18 methyl groups on 
the periphery of the molecule, in this case resulting in a very 
lipophilic material. Tc-99m-TBI has been studied in both 
normal patients and patients with coronary artery disease. 
After injection of Tc-99m-TBI, the liver demonstrates a steady 
rise in activity, achieving a ratio of 3,4:1 at 60 min. Heart and 
lung activity are similar whether the injection was made at rest 
or after exercise but liver activity is substantially reduced by 
exercise, Tc-99m-TBI is cleared primarily through the hepato
biliary system into the small bowel. Tc-99m-TBI compared with 
T1-201 led to the following significant findings in animals: 

Rapid drop in blood levels of both agents to 1% of the dose/g at 
IS min 

Constant myocardial concentrations of Tc-99m-TBI whereas 
the myocardial content of T1-201 decreased over the time 
interval studied 

High initial lung uptake for both agents in mice, decreasing to 
1% after 30 min 

High constant liver uptake of Tc-99m-TBI, approx. six times 
that observed for T1-20I 

The disadvantages of Tc-99m-TBI are — 

redistribution, 
high lung uptake and retention, and 
high liver uptake and retention. 

Tc-990-CPI 

The disadvantages of Tc-99m-TBI led to alterations of the basic 
isonitrile complex that would provide more favourable bio
logical characteristics. Tc-99m-CPI appeared to have far more 
favourable biological characteristics than Tc-99m-TBI, with 
avid accumulation in the normal myocardium and faster 
clearance from the lung and liver. After injection of Tc-99m-
CPI the radiotracer quickly clears from the lungs and accumu
lates in the heart and liver. The liver activity peaks at 
10 — IS min and clears through the hepatobiliary system. 

In preliminary studies Tc-99m-CPI demonstrated high myocar
dial uptake with no evidence of myocardial redistribution into 
zones of transient ischemia for several hours after exercise. Thi 
myocardial activity, however, clears from the heart. Because 
redistribution does not occur, reinjection of the tracer 3 — 4 h 
later is necessary to obtain a resting study. Tc-99m-CPI 

demonstrated low lung activity but appears to have myocardial 
clearance with rest distribution as well as high liver activity. In 
the liver, however, unlike Tc-99m-TBI, Tc-99m-CPI presents 
substantial gall-bladder and bowel activity in the early phases of 
imaging. 

Tc-99m-MIBI (MMI) 

The second analogue of Tc-99m-TBI to be developed was the 
methoxyisobutylisonitrile, (Tc-99m-MIBI). This further step in 
ligand alteration has retained the myocardial upuke benefits of 
its sister compounds, while increasing the clearance char
acteristics of the blood, lung and liver. The activity in the heart 
appears to be lower than Tc-99m-TBI and CPI, but the superior 
heart-to-lung and heart-to-liver ratios offer a marked improve
ment in image contrast. Tc-99m-MMI is a compound that 
appears to have low lung and liver activity, and myocardial 
uptake that remains unchanged for long periods of time. This 
consistency in myocardial distribution as a function of time 
allows for a number of variations in myocardial perfusion 
imaging with exercise tolerance testing. No redistribution of the 
agent occurs and the addition of gated imaging and SPECT may 
be implemented without being concerned about altered bio-
distribution. 

Clinical comparison of Tc-99n isoaitriles with Tl-201 

In a clinical study over 60 min the following was observed [9]: 
TBI showed constant myocardial uptake but relatively high 
liver and lung retention. CPI showed myocardial redistribution 
but less liver and lung retention. MIBI had somewhat lower 
absolute myocardial uptake but the least liver and lung 
retention. Furthermore, the correspondence with Tl-201 for 
establishing infarction or ischemia was: TBI:77%, CPI:80% and 
MIBI: 100%. 

Relative comparison of MMI and EMI 

(Studies done on primates and patients by Biophysics Dept., 
UOFS) 

Both agents showed excellent myocardial uptake with clearance 
from background organs, viz. liver and lungs due to excretion 
into the hepatobiliary pathway over a study period of 60 min. 

There was a relative difference since EMI showed relatively 
higher lung retention than MMI but relatively lower liver 
retention. Excellent myocardial uptake was found with MMI in 
a few clinical studies compared with Tl-201. 

In vivo reactions of R-NiC (isonttrUes) 

A particularly good example of this reaction is the development 
of the hexakis (isonitrile) Tc(I) cations for myocardial imaging. 
When the ligand is an alkylisonitrile, e.g. TBI, the Tc-99m 
complex exhibits high lung and liver uptake. In the attempt to 
promote washout from these background organs, R was 
modified to incorporate an ester functionality 
R=C(CH,)2COOCH,. It was anticipated that in vivo hydrolysis 
of the coordinated ester would occur rapidly in the lungs and 
liver, thus altering the change and lipophilicity of the Tc-99m 
complex and promoting washout. Scheme 2 shows the sequence 
of ester hydrolysis reactions that can be expected for (Tc-
99m(CN-C(CH,)2COOCH,), (CPI). This hydrolysis occurs in 
human plasma and the results of clinical trials support the 
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conclusion that this hydrolysis occurs in vivo [10]. The ester 
complex washed out of the lung and liver much more rapidly 
than the parent TBI complex, which does not contain a pendant 
functionality that can undergo reaction in vivo. 

["TcfCN^AcH, J + - 2 Í [ " - T C Í C N ^ A C H J M C N ^ - O - ) ] 0 

I! II I! 
0 0 0 

|0H-

cis-trans [ ^ T C ^ C A C H ^ C A - O T J 1 ' 

II II 
0 0 
|QH-

fac-mer [*Tc(CNXcAcH,),(CNXC-0-),]Z' 
II II 
0 0 
loH-

cis-irans [^c(CNXcAcH,) 2(CNXC--0\| 3' 
II II 
0 0 
JoH-

['*M'c<CNXcAcH))1(CNXC-0-)i]4" 
II II 
0 0 
JOH-

[•nc'fCN^-o-J5" 
II 
0 

Scheme 2 
Sequential hydrolysis o/Tc-99m-CPl 

PHARMACOKINETIC CONCEPTS 

In vivo pharmacokinetics of cations in the heart involves 
transport, subcellular distribution and cellular localization. 

Myocardial transport 

Studies that have been conducted on the transport mechanisms 
of Tl-201 and Tc-99m isonitriles yielded the following 
differences: 

Thallium-201 is at least partly taken up by a metabolically 
dependent (active) process (NaVK*ATPase) but is not totally 
dependent on the ATP concentration. The myocardial uptake 
of Tl-201 is not affected by hypoxia. No studies on the effect of 
oaubain on Tl-201 uptake have been conducted so far. 

In contrast, the mechanism of Tc-99m-MMI uptake is less 
dependent on an active process and appears to be nearly a 
totally passive process. Tc-99m-MMI uptake is not affected by 
oaubain, inhibitors of the r spiratory system, glycolysis or 
NaVK'ATPase. 

F'.udies on the uptake of Tc-99m-CPI proved it to be a process 
dominated by its lipophilic properties and probably involves 

nonspecific partitioning into the cell membrane, thus celluiar 
binding would depend on perfusion alone. On the other hand, 
Tl-201 uptake depends r I a process of perfusion a>> well as 
cellular uptake, i.e. cell metabolism. 

The rate and extent of Tl-201 myocardial uptake are greater 
than those of Tc-99m-MMI, while Tc-99m-MMI is retained 
much longer than Tl-201. 

Sabceilnlar distribatioa of catioak heart agents 

The subcellular distribution of both Tl-201 and Tc-99m-MMI 
shows that the site of localization is the cytosol. Hypoxia 
suppresses uptake and alters the subcellular pattern of distri
bution of Tc-99m-MMI but not that of Tl-201. 

Intracellular localization or retention 

It has been shown that the Tc-99m-MMI complex binds with 
high affinity to a myocardial cytolitic site. This binding moeity 
has a small molecular weight in the range of 10*0 [II]. 

CONCLUSION 

Before complexes of Tc-99m can be used clinically, they must be 
shown to be comparable to Tl-201, particularly in the identi
fication of transient and irreversible ischemia. 

Tc-99m-TBI failed this test in comparability because of high 
lung and liver uptake, and slow clearance from these organs, 
coupled with the redistribution of the tracer. This results in only 
a fair correlation with Tl-201. 

Tc-99m-CPI proved to be comparable but is restricted by 
myocardial clearance, which limited the time after injection 
during which optimal imaging could be achieved. Tc-99m-CPI 
also has slow liver clearance, with resulting overlap of the heart 
and liver, particularly in high-degree LAO projections. 

Tc-99m-MMI correlates well with Tl-201 and appears to be 
ideal for myocardial imaging. 

Despite the proven value of myocardial perfusion scintigraphy 
ii. the early detection and localization of myocardial ischemia 
and infarction, Tl-201 has found scant application in the 
emergency assessment of patients with suspected infarction. 
Tc-99m-MMI can be prepared from a nonradioactive kit using 
Tc-99m readily available from commercial generator systems. 
Therefore Tc-99m-MMI is available on demand and has 
considerable potential for routine use in the clinical evaluation 
of patients with suspected acute myocardial infarction. 
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NEW TECHNETIUM-99m RADIOPHARMACEUTICALS 
FOR BRAIN IMAGING 

O Knoesen 

SAMEVATTING 

Radiofarmaseutiese middels vir breinbeelding word gebruik vir 
die opsporing van ischemic, tumore en demensie wat met 
afwykings in die serebrale bloedvloei geassosieer word. Die 
huidige radiofarmaseutiese middels vir breinbeelding het ver-
skeie beperkings. 

2-{F-18)fluoro-2-deoksiglukose (F-18-FDG) het 'n baie koit 
haiveertyd. Die fisiese eienskappe van di-B-(piperidino-etiel)-
(Se-75)selenied (Se-75-PIPSE) en di-B-(<norfolino-etiel)-(Se-
7S)selenied (Se-75-MOSE) is nie ideaal nie. Tallium-201-di-
etielditiokarbamaat (T1-201-DDC) het ongunstige nuklidiese 
eienskappe, is nie vrylik beskikbaar nie, het 'n lang haiveertyd 
en is baie duur. 1-123 in N-isopropiel-p-jodoamfetamien (1-123-
IMP) en N,N,N,-trimetiel-N'-(2-hidroksie-3-metiel-5-jodoben-
siel)-l,3-propaandiamien (I-123-HIPDM) is nie vrylik beskik
baar nie en is baie duur. N-13 ammoniak het 'n baie kort 
haiveertyd. Tegnesium-99m-heksametielpropileenamienoksiem 
(Tc-99m-HM-PAO) is sowel in vitro as in vivo onstabiel en 
vertoon 'n lae brein-tot-bloed verhouding 

Hierdie beperkings beklemtoon die behoefte aan die ont-
wikkeling van 'n tegnesium-99m-bevattende radiofarmaseutiese 
middel wat aan lie neergelegde standaarde van 'n ideale 
breinbeeldmiddel sal voldoen. Navorsing op hierdie gebied 
word voortgesit en komplekse soos die tegnesium-99m-N-
piperidinieletiel-diaminoditiol (Tc-99m-NEP-DADT), wat be-
lowende breinopname in diere toon, is al gerapporteer. Die 
ideale breinmiddel moet egter nog ontwikkel word. 

ABSTRACT 

Radiopharmaceuticals for brain imaging are used for the 
detection of ischemia, tumours and úementia associated with 
disorders of the blood flow in the brain. The current radio
pharmaceuticals for brain imaging have various limitations: 

2-<F-18)fluoro-2-deoxyglucose (F-18-FDG) has a very short 
half-life. The physical properties of di-Q-(piperidinoethyl)-(Se-
7S)selenide (Se-75-PIPSE) and di-B-(morpholinoethyl)-(Se-75)-
selenide (Se-75-MOSE) are not ideal. Thallium-20! diethyldi-
thiocarbamate (T1-20I-DDC) has unfavourable nuclidic char
acteristics, limited availability, a long half-life and high cost. 
1-123 in N-isopropyl-p-iodoamphetamine (I-123-IMP) and 
N,N,N'-trimethyl-N'-(2-hydroxy-3-methyl-5-iodobenzyl)-l,3-
propanediamine (I-123-HIPDM) are not freely available and 
are expensive. N- 13-labelled ammonia has a very short half-life. 
Technetium-99m hexamethylpropyleneamineoxime (Tc-99m-
HM-PAO) is unstable both in vitro and in vivo and has a low 
brain-to-blood ratio 

These limitations underline the need for the development of a 
technetium-99m-containing radiopharmaceutical which would 
conform to the standards set for brain-imaging agent». This 

research is continuing and compounds such as the technetium-
99m N-piperidinylethyl diaminodithiol (Tc-99m-NEP-DADT), 
which shows promising brain uptake in animals, have been 
reported. However, the ideal brain agent has yet to be 
developed. 

INTRODUCTION 

The clinical value of measuring regional cerebral blood flow 
(rCBF) has long been recognized. Local variations in the blood 
flow are associated with many brain diseases such as stroke, 
tumours, epilepsy, ischemia and dementia, and any technique 
vhich provides an image of the blood flow is of particular 
interest. Radionuclides have been used for this purpose for 
many years, but it is only recently that the potential of three-
dimensional imaging of the rCBF on a routine diagnostic basis 
has come close to being realized [1]. 

PROPERTIES OF THE IDEAL BRAIN-IMAGING 
AGENT 

The main requirements for rCBF evaluation with SPECT are 
that the radiopharmaceutical should cross the intact blood 
brain barrier (BBB) and distribute proportionally to the blood 
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flow. The tracer should retain a fixed distribution in the brain 
for a period sufficient to permit image acquisition. A SPECT 
image needs 20 — 40 min to be recorded [2]. 

The properties of the ideal brain agent are as follows: 
The agent should freely cross the BBB [2,3,4,3,6] 
The agent should have a high first-pass extraction [4] 
The agent should distribute itself proportionally to the rCBF 
[2,3,5] 
The agent should fix itself long enough in the brain to permit 
image acquisition and little or no back diffusion should occur 
[2,4,5,6,7] 

No redistribution of the agent should occur [4] 
The agent should yield a high brain-to-blood ratio [4] 
The agent should be an amine or amine analogue [6,7] 
The agent should have a neutral charge [5] 
The agent should be lipophilic [4,5,7,8] 
The agent should be kinetically stable and has to remain 
undissociated at physiological pH [7,9] 
The agent should be relatively small with a molecular weight of 
<500dalton[5] 
The preparation of the agent should be easy, simple and 
reproducible 
The agent should be relatively inexpensive [13] 

THE MECHANISM OF BRAIN RETENTION 

Little is known about the mechanism of retention of the 
chemical substances used for cerebral perfusion imaging with 
SPECT. The following hypotheses for brain retention have 
been proposed [10,11]: 

Binding of the radiopharmaceutical to an amine receptor 
i 

A change in the chemical form of the radiopharmaceutical, 
either metabolic or spontaneous 

Distribution of the agent via a specific transport mechanism 

pH shift trap mechanism The basis of this mechanism is that the 
pH in the brain (pH 7,0) is significantly lower than the pH of the 
blood (pH 7,4). When the radiopharmaceutical, which is a 
weak base, crosses the BBB, it binds to hydrogen to form a 
charged compound. This charged ammonium compound is no 
longer lipid-soluble and cannot diffuse from the cells and is 
temporarily trapped in the brain [10,11], 

EVALUATION OF CURRENT BRAIN-IMAGING 
AGENTS 

2-(F-18)fl«©ro-2-<koxyglucose (F-1S-FDG) 
6 
CH 2 OH 

S 

Fluorine-18 is a cyclotron-produced isotope and has a half-life 
of 109,8 min and an energy of B+=0,64 MeV. F-18-FDG enters 
the cell by specific transport mechanisms, and once inside the 
cell it is converted to the 6-phosphate. This metabolite cannot 
oe further metabolized or transported back from the cells and is 
thus trapped. Unfortunately, the preparation of this compound 
is difficult and the clinical application has not been widespread. 
The use of F-18-FDG is also restricted by its short half-life [11]. 

Di-ft-<PíperiduMethylHSe-75)seleaide (Se-75-PIPSE) and di-ft-
(nmrpMiM- ethylHSe-75)sekwde (Se-75-MOSE) 

/ NCH 2 CH 2

7 5 S^H 2 CH 2 N \ 

Se-75-PIPSE 

O NCH 2 CH 2

7 B SeCH 2 CH 2 N O 

Se-75-MOSE 

Selenium-75 is a reactor produced isotope which has a half-life 
of 121 d and the main gamma energies after electron capture are 
0,27 MeV (56%) and 0,28 MeV (23%). These two lipophilic 
radiopharmaceuticals cross the BBB and are retained long 
enough by the brain for SPECT imaging via the pH shift trap 
mechanism. The image quality of selenium-75 is rather poor, 
which renders these age J unsuitable for routine clinical 
studies [11]. 

Tballiam-201 diethyldhhiocarbamate (TI-201-DDC) 

H 18F 
F-18-FDG 

TI-201-DDC 
Thallium-201 is a cyclotron-produced isotope with a half-life of 
73 hand an energy of 69—83 keV. This easy-to-prepare highly 
lipophilic complex shows a distribution similar to the iodinated 
amines, with marked upuice in the salivary glands, thyroid, 
myocardium, muscles, liver and intestines. TI-20I-DDC uptake 
by the brain is a result of its lipophilicity. However, Tl-201-
DDC is labile both in lipophilic media and at a low pH (<7,0), 
and rapid disintegration of the complex occurs in these media. 
In the brain, which is both lipophilic and at a low pH, TI-201-
DDC rapidly disintegrates and thallium is distributed as the 
thallium cation which cannot diffuse from the brain. Although 
the nuciidic characteristics of thallium-201 are not as ideal as 
those of technetium-99m, the images obtained with relatively 
low activity have been reported to be encouraging. Thallium-
201 is not freely available and is expensive [10,12,13]. 
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N-i£3pran'l-HI-123)iodouDpkeUniM (I-123-IMP) u d N,N,I^-
trimethyl-N*-(2-hydroxy3-iiiethyl-5-<I-123)io<lobeuyl>-l>f>ro-

! (I-123-HIPDM) 

jorrr 
I-123-IMP (SPECTAMINE) 

123| 1-123-HIPDM 

Iodinr-123 has a half-life of 13 hand an energy of 159 keV.The 
radiolabelled amines, I-123-IMP and 1-123-HIPDM, are lipo
philic and cross the BBB with almost complete extraction 
during a single passage through the cerebral circulation. Once 
inside the brain, these amines are either bound to nonspecific 
receptors or metabolized to nonlipophilic compounds. As a 
result, there is no redistribution for at least 1 h after injection. 
SPECT can thus be performed before redistribution of the 
tracer has occurred. The peak activity in the brain is higher for 
I-123-IMP, which makes it more attractive for tomographic 
imaging. The cyclotron produced iodine-123 is expensive and is 
not freely available on a 24 h basis [9,13]. 

Nitrogen-13 ammoaia 

13NH 3 

N-13 AMMONIA 

The cyclotron-produced nitrogen-13 has a half-life of 10 min 
and an energy of B+=l,2 MeV. The neutral and lipid-soluble 
N-13-labelled ammonia is converted in the brain to a non-
diffusible form by metabolism in the glutamate pool. Due to the 
short half-life of nitrogen-13, clinical applications have been 
restricted [11]. 

Technetl»m-99m hexamethylpropyleneamineoxlme (Tc-99m-
HM-PAO) 

NH HN M . 

I I 
OH HO 

M« 

M* M« 

Y - T " 
i 
N 

I 
.o 

H* 

HM-PAO 

Tc-99m-HM-PAO 

Technetium-99m is obtained as a decay product of molyb-
denum-99.lt has a half-life of 6,02 hand an energy of 140 keV. 
The ligand HM-PAO readily forms neutral lipophilic complexes 
with technetium-99m. The uptake of Tc-99m-HM-PAO in the 
brain is related to its lipid solubility, whereas the retention is 
associated with either metabolic alteration or receptor binding. 
The washout of the agent is less than 10% at 24 h. The 
distribution of Tc-99m-HM-PAO is dominated by the rCBF. 
However, Tc-99m-HM-PAO is not without its problems. The in 
vitro stability is rather limited and in vivo it decomposes 
extremely fast after intravenous injection, leading to high levels 
of technetium activity (10 —12%) remaining in the bloodstream, 
but this should not adversely affect the SPECT image quality. 
The radiochemical purity of the agent is dependent on several 
factors and the following precautions should be taken: 

Use an eluate of a generator that has been eluted in the previous 
24 h 
Use the generator eluate within 2 h after elution 
Add no more than 1,11 GBq of pertechnetate to the vial 
Use the agent within 30 min after reconstitution. 

Unfortunately, HM-PAO (Ceretec) kits are expensive [ 1,2,4,5,9, 
10,12]. 

The limitations of these agents underline the need for the 
development of a radiopharmaceutical that would conform to 
the standards set for brain-imaging agents. The ideal tracer for a 
brain should be readily available; be retained in the brain 
parenchyma for at least 1 h; have compatible photons with 
standard rotating Anger camera technology; and be relatively 
inexpensive. These four condition!! have led investigators to 
develop a number of technetium compounds [13]. 

PROPERTIES OF TECHNETIUM-99m 

Technetium-99m is the least expensive most widely and readily 
available radionuclide in current use. Most scintillation cameras 
have come to be designed around its favourable energy 
characteristics of 140 keV and its short half-life of 6 h. Its 
favourable dosimetry allows for higher administered doses, 
with resultant increase in photon flux. The high count rate 
improves the energy resolution and lower photon attenuation 
improves the spatial resolution increase in photon flux. The 
high count rate improves the energy resolution and lower 
photon attenuation improves the spatial resolution for planar 
and gated imaging and for SPECT [14]. 

http://denum-99.lt
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NEW AGENTS UNDER INVESTIGATION 

In recent years, a number of technetium-99m-containing com
plexes have been reported that, based on their initial animai 
distribution, appeared promising for rCBF imaging. 

The most promising ligand is the diaminedithiol (DADT) 
system. Complexes of the DADT ligands with technetium(V) 
are stable, neutral and lipid-soluble and they have been shown 
to cross the BBB. However, they are not retained by the brain 
for a time period which would permit SPECT scanning. The 
addition 

R = H Tc-99m-DADT 

R = o 
Tc-99m-NEP-DADT 

„r\ry 
Tc-99m-4-Me-NEP-DADT 

of the piperidinylethyl (NEP-DADT) and the 4-methylpi-
peridinylethyl (4-Me-NEP-DADT) side chains increased the 
brain uptake as well as the brain retention. However, brain 
retention (tVi — 17 min) for the Tc-99m-NEP-DADT shows a 
slower clearance from the brain, about half the rate of Tc-99m-
NEP-DADT in the baboon. No clinical studies in humans have 
been reported so far but the agent shows promise [4,9]. 

AREAS FOR FUTURE DEVELOPMENT 
The development of a technetium-?9m radiopharmaceutical 
that will fix in the brain relative to the rCBF and will be retained 
long enough by the brain to permit SPECT imaging. These 
agents will be used to diagnose various brain diseases. 

The quantification of the rCBF with a technetium-99m radio
pharmaceutical that, after rapid uptake in the ^rain, rapidly 

clears from the brain. These agents should behave like Xe-133, 
and this involves the measuring of the temporal variation in 
activity in the brain. High-sensitivity rapid tomographic-
scanning devices for the quantification of the rCBF are under 
investigation. These agents will be used for prognosticating a 
variety of clinical conditions [IS]. 

CONCLUSION 

This survey of the brain agents has indicated that there is still 
much room for the development of a brain agent to measure the 
rCBF. 
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TECHNETIUM-99m LABELLING OF MONOCLONAL 
ANTIBODIES FOR IN VIVO RADIOIMMUNODIAGNOSTIC USE 

M Beyers 

SAMEVATTING 

Die sterk chele^rmiddel dietileentriamienpenta-asetaat (DTPA) 
word as of bisikliese of gemengde anhidried algemeen gebruik 
om Tc-99m aan protdenagtige verbindings te koppel. 'n 
Metode vir die lotproduksie van DTPA-gemerkte teenliggaam-
stelletjies sowel as 'n interessante metode vir die DTPA-
chelering van ongesuiwerde askitesvloeistof word bespreek. "n 
Verlaging van immunoreaktiwiteit en in Ww-stabiliteit word 
met hierdie DTPA-metode waargeneem. Dat DTPA-kon-
jugering nie die ideale metode vir Tc-99m-merking van proteiene 
is nie, word gestaaf deurdat Hnatowich — 'n baanbreker van 
DTPA-proteienchelering — onlangs'navidien-biotienmerksis-
teem begin toeu het. Modifikasies van die koolhidraatgedeelte 
is ook al aangepak. Hoëmolekulêremassa-polimere wat d.m.v. 
chelate aan teenliggame gekoppel word, kan, sonder verlies van 
antigeenbindingsvermoe, tot ISO di- of trivalente ione per mol 
bind. Bo en behalwe DTPA kan verskeie cheleermiddels soos 
bistiosemikar'iasone-, metallotionéien- en diamieddimerkaptied-
ligande gebruik word. Die eenvoudige behandeling van 'n 
prote'ienagtige verbinding met 'n disulfiedreduseermiddel, ge-
volg deur blootstelling van die gereduseerde proteien aan 'n 
geskikte radionuklied, gee aanleiding tot belowende stabiele 
radiogemerkte produkte. 

Onderworpe aan FDA goedkeuring, word die vrystelling van 'n 
Tc-99m-gemerkte teenliggaam in die nabye toekoms deur 'n 
Kodak-gefinansierde maatskappy beoog. 

ABSTRACT 

The strong chelating agent diethylenetriaminepentaacetate 
(DTPA), either as the bicyclic or as the mixed anhydride, is 
most commonly used to link Tc-99m to proteinaceous com
pounds. A method for the batch production of DTPA-labelled 
antibody kits as well as a novel method of DTPA chelation of 
unpurified ascites fluid is given. Loss of immunoreactivity and 
in vivo stability occurs with this method. That DTPA con
jugation is not the ideal method of labelling, is borne out by the 
fact that Hnatowich — a pioneer of DTP A-protein chelating — 
changed to an avidin-biotin labelling system. Modifications of 
the carbohydrate moiety have also been attempted. High 
molecular mass polymers with chelate-linkage to the antibodies 
can bind up to 150 di- or tri valent ions per mole without a loss in 
antigen-binding activity. Other than DTPA, several chelating 
agents such as bisthiosemicarbazones, metallothionein and 
.liamide dimcrcaptide ligands may be used. The simple treatment 
of a proteinaceous substance with a disulphide-reducing agent, 
followed by exposure of the reduced protein to a suitable 
radionuclide, leads to a promising stable radiolabeled product. 

A Tc-99m-labelled antibody is, subject to FDA approval, 
scheduled for release by a Kodak-financed company in the near 
future. 

INTRODUCTION 

For radioimmunodiagnostic imaging using monoclonal anti
bodies (MoAb) specific to certain tumour-associated antigens, 
various radionuclides may be considered. Those most commonly 
encountered are 1-131 or 1-123, In-IH and Tc-9?m. 

lodinating methods offer the most straightforward techniques. 
Amongst the radioisotopes of iodine, 1-123 most nearly meets 
the practical requirements but its relatively short half-life of 
13,2 h and its high price restrict its usefulness. The crucial 
disadvantages of the radioisotopes of iodine are the partial 
deiodination of the radioiodinated antibody in vivo, leading to 
accumulation of radioiodine in the thyroid if a thyroid-blocking 
agent is not administered, and an increased background activity 
as a result of a relatively slow elimination from the blood. 
Despite the slow elimination, radioiodine has the advantage of 
exhibiting a distinctly lower liver and kidney accumulation at 
the time of imaging than is found with the same antibody 
radiolabelled, e.g. with In-ill [I]. 

For some time In-Ill seemed to be the radioisotope of choice for 
radioimmunodiagnostic imaging, but its high cost, US $50 to 
$75 per administration [2], and the in vivo fragmentation of the 
In-iH-labelled antibody resulting in liver accumulation of the 
radioisotope [1] are disadvantages. 
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Tc-99m is the most imponant radionuclide in nuclear medicine 
diagnostic procedures on the grounds of its favourable physical 
properties. For this reason gamma cameras are calibrated to its 
photon range. The lower cost of Tc-99m of US $6 per patient 
administration [2], and the fact that it is generator-available 
while In-Ill has to be ordered and shipped on demand, are 
added incentives to the use of Tc-99m for antibody labelling. 

The slow blood clearance of radioiodinated antibodies meant 
that a significant tumour-to-blood ratio of the radioactivity was 
observed 72 — 168 h post injection [2,3], which is long after 
Tc-99m would have disappeared by physical decay. This 
observation seemed to preclude the application of Tc-99m for 
radioimmunodiagnosis but it has been shown that maximal 
uptake of radiometal-chelated monoclonal antibodies in leu-
kaemic spleens occurred within 1 — 6 h after injection [4], 
making the possibility of using Tc-99m with its 6-h half-life as a 
radiolabel for MoAb's feasible. 

RADIOLABELLING ANTIBODIES WITH Tc-99n 

A metallic radionuclide cannot be incorporated directly into a 
protein. The manipulation of the protein required before 
incorporation of the radioisotope implies that a change could 
occur in the antigen-binding capacity of a MoAb. An optimized 
procedure balancing radionuclide binding site, method of 
labelling (which affects the stability of the radionuclide-protein 
bond), and level of radioisotope loading versus antigen-binding 
capacity has to be determined for each specific MoAb. The 
possible radionuclide anchoring sites are determined by the 
availability and position of the side chains and carbohydrate 
moieties in the specific MoAb. The binding sites available and 
the modifying agents are shown in Fig. 1. Ideally as few of these 

anchoring sites as possible should be in the variable region, i.e. 
the antigen-binding region of the MoAb. 

The diversity of ways of labelling proteins with radiometals 
limits this review to a selected number of common and not so 
common methods. 

Chelation with the bifuactioaal agent DTPA 

In this method proteins are covalently modified with metal-
chelating groups followed by the addition of a suitable radio-
metal (Fig. 2). Great flexibility exists in the chemical reactions 
involved, the choice of radiometal and the timing of the 
addition of the radionuclide. The development of bifunctional 
chelating agents, which led to stable protein conjugates capable 
of binding metal ions very firmly, has made immunodiagnostic 
imaging with metallic radionuclides a very practical method. A 
further advantage is the fact that the radionuclide may be added 
at the convenience of the clinician to a kit containing the stable 
protein conjugate. By the addition of the radionuclide to the 
protein shortly before administration less radiation damage of 
the protein occurs, which means that the protein can be loaded 
with the radionuc'ide to a much higher specific activity. 

Bifunctional chelating agents are molecules which contain both 
a chelating group which binds metals, and a reactive functional 
group capable of reacting with protein side chains. In general, 
iï»ey ar» usually polyaminocarboxyiic acids e.g. derivatives of 

' ethylenediaminetatraacetic acid (EDTA) or DTPA (Fig. 3). 
The choice of a particular chelating agent is dependent on the 
desired application. In the case of protein with a single free 
sulphydryl not necessary for antigen coupling, the free functional 
group may be specifically labelled with bromoacetamidobsnzyl-
EDTA. Random labelling of free amino groups may be 
accomplished with isothiocyanate derivatives of EDTA or with 
DTPA [5]. 

CARBOOIIMIDES 
\ DEFEROXAMINE 

DTPA 
N H a EDTA 

N 2 8 2 

EDTA DERIVATIVES (DTPA) 

Figure I 
Potential anchoring sites on a schematic MoAb of agents 
which would enable the radiometal-labelllng of the protein 
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CHELATOR 
PROTEIN 
CHELATE 

CONJUGATE 
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RADIOMETAL 

\ • ' / 
/ 

MoAb LABELLED WITH RADIOMETAL 

Figure 2 
Schematic representation of labelling a MoAb with a radiometal after 

modification of the protein by means of a afunctional chelator 

Figure 3 
Dlethylenetrlaminepentaacetlcacid 
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Cmipliag DTPA to a protein 

Two basic steps are needed in coupling DTPA to a protein by 
means of a peptide bond, viz. activation of the carboxylic acid 
by anhydride formation, followed by peptide bond formation. 

The anhydride may be formed either intramolecularly to yield 
bicylic DTPA anhydride (cDTPAA) [6.7] or intermolecularly 
to form a DTPA-carboxycarbonyl mixed anhydride [8]. No 
differences could be noted in the labelling efficiency or antigen-
binding capacity of a radiolabelled antibody in tissue culture 
when tnc twc< anhydrides were compared [9]. The cDTPAA is 
the preferred reagent because of its lower susceptibility to 
hydrolysis; the mixed anhydride has to be freshly synthesized 
immediately prior to use, whereas the cDTPAA is available 
commercially. 

The formation of the peptide bond is usually rapid with strong 
nucleophiles [10], with acylation of the primary amino group of 
lysine, the hydroxyl group of tyrosine, the sulphydryl group of 
cysteine and the imidazole group of histidine occurring. Of 
these bonds, that with lysine is very stable, while the 0-acylated 
bond of tyrosine undergoes rapid hydrolyzation. The bonds 
with cysteine and histidine are unstable to the extent that 
spontaneous reversion to the free amino acid occurs. These side 
reactions as well as hydrolysis of the anhydride by water 
consume a great deal of the anhydride [11]. 

Coupling technique 

Buffering medium The ultimate goal of this procedure is the 
labelling of a protein with a radiometal, ideally with about 1,5 

to 8 radioistope atoms per protein molecule [II]. Therefore, 
traces of metal ion contamination of the reagents used may lead 
to poor radiolaoelling efficienc y [5]. Buffers should be passed 
through a column containing a chelating resin [12], or treated 
with dipenylthiocarbazonc [13] before use. Nor should the 
buffering medium used for the coupling reaction contain strong 
nucleophiles, e.g. Tris buffer [10]. As the pH of the buffer is 
increased, cDTPAA conjugation is favoured, with a bicarbonate 
buffer, pH 8,2, giving the best results [11]. 

cDTPAA protein ratios In general, second-order kinetics would 
be expected with these conjugation reactions, which implies 
that both the protein and chelating agent concentrations 
should be as high as possible. This is not always feasible when 
very little protein is available. It is then necessary to compensate 
by using higher cDTPAA concentrations or longer reaction 
times [5] without compromising antigen-binding capacity. 

The number of DTPA molecules incorporated per protein 
molecule increases proportionately as the cDTPAA-to-antibody 
ratio is increased but the antigen-binding activity of the 
conjugated antibody is inversely proportional to the number of 
DTPA molecules incorporated [11]. An optimized reaction 
must be determined for a particular antibody. In Fig. 4 the 
interrelationship between cDTPA A-protein ratios and antigen-
binding activity and number of radiometal atoms bound per 
antibody molecule, i.e. number of DTPA molecules bound, is 
shown for a polyclonal antibody and a Mo Ab [ 11 ]. A five times 
molar excess of cDTPAA to antibody is recommended as the 
minimum needed for an efficient conjugation reaction [14], 

DRAWN FROM THE RESULTS IN: 

PAIK, C.H.; EBBERT, M.A.; MURPHY, P.R.. ET At. 
J. NUCL. MED. (1983) v.24 p. 1168-1163 
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Figure 4 
The interrelationship between chelator: protein ratios and specific 

activity and antigen binding capacity 
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Figure 5 
Tc-99m labelling of a MoAb via 
an intermediate chelating agent 

In vivo stability of Tc-99m-laMled DTPA-MoAb conjugates 

The more lightly a protein is labelled the longer the biological 
half-life [5] but the less likely it becomes to obtain a clear image 
of the organ(s) of interest during immunoscintigraphy. The in 
vivo stability is critically dependent on the chemical nature of 
the antibody-chelator complex (Table 1) [5]. 

Table 1 
EXCHANGE OF la-lll FROM A CHELATE TO 

TRANSFERRIN IN SERUM 

Chelate Rate 

EDTA 
DTPA 
Mono-n-butylamide-EDTA 
Mono-n-butylamide-DTPA 
Serum Albumin-DTPA 

0,33 

29,0 
0,93 
1.6 

Tc-99m binds both to "high capacity low affinity sites and low 
capacity high affinity sites" [18]. The low-affinity complex is 
unstable in vivo. A 10 times molar excess of DTPA molecules, 
either free or conjugated to MoAb, is required to prevent the 
complexation of Tc-99m to these low-affinity sites [18]. Un
fortunately the free DTPA reduces the labelling efficiency of the 
MoAb conjugate while a high level of DTPA conjugation to 

Purification of protein conjugate Free DTPA bears a multivalent 
negative charge in neutral solutions. This leads to a strong ionic 
association with proteins, which causes difficulty in the separa
tion of excess hydrolyzed chelating agent from the MoAb 
conjugate. By increasing the ionic strength of the buffering 
mrdium in order to break the ionic association, the MoAb 
conjugate may be purified by means of exclusion chroma
tography [13] and/or exhaustive dialysis [6,13] 

Manipulation of MoAb's must be kept to a minimum A procedure 
whereby unpurified ascites fluid is treated with cDTPAA 
followed by purification by means of high-performance liquid 
chromatography [16] offers an interesting streamlining of the 
synthesis of the MoAb conjugate. 

Tc-99mlab*llingofDTPA-MoAbionjugate?tfttdm£MttlMed 
from a Mo-99-Tc-99m generator is most commonly reduced 
using SnClj and transferred via a weak chelating agent (tartrate, 
glucoheptonate. etc.) to the more stable chelating agent coupled 
to the protein (Fig. 3) [17]. Care must be taken with the 
concentration of SnCI2 needed to ensure successful labelling of 
the MoAb; an excess results in the production of Tc-99m 
colloids while insufficient SnCI, leads to incomplete reduction, 
thus allowing unmactcd pertechnetate to remain. The concen
tration of SnClj needed for the labelling of antibodies 
is approximately 1% of the amount that is used in DTPA 
labelling kits [18]. 

If the formulation of the DTPA-MoAb conjugate and SnClj in 
a suitable medium is correct, labelling of the antibody with 
Tc-99m is no different from any other Tc-99m radiopharma
ceutical. An extra purification step to remove unreacted 
radiometal is usually included. 

Antibody kits for routiac use 

A number of methods are available for the batch production of 
MoAb conjugates to be used for the formulation of stable kits to 
which radioactivity may be added just before administration. 
One such method is represented in Fig. 6 [14]. This method 
avoids the second-column chromatographic step for the removal 
of unreacted radiometal by chelating the free radiometal with 
DTPA. The Tc-99m-DTPA is rapidly excreted by the kidneys, 
thus avoiding a high background radiation in the imaging 
procedure. 

MoAb reduces immunoreactivity. It has further been reported 
[19] that even correctly formulated Tc-99m-DTPA-MoAb 
conjugates have lower in vivo stability than the In-Ill analogues. 

These disadvantages have forced researchers to examine alter
native methods of radiolabelling MoAb's with Tc-99m. 

RadioimmunodiagBOsb «lug avMin-biotin complexes 

In one of the variations of this method (Fig. 7) [20] protein-A 
agarose beads were implanted in mice to simulate a tumour. 
Avidin-conjugated antibody was administered to the animals 
and, after clearance of the antibody from the circulation, 
radiolabeled biotin was administered. Target-to-non-target 
ratios measured 8 h after administration of the biotin improved 
by more than two orders of magnitude over the conventional 
use of a radiolabeled antibody. 



PER-164-27 

1Y : 6 0 
REACTION 

EXCLUSION 
CHROMATOGRAPHY 

DIALYSIS 

Y MoAb 
0 cDTPAA 

• - • FREEOTPA 

LABELUNG KIT 

Mi 
MILLIPORE MoAb 
FILTRATION CHELATES 

Sn*+ 

Figure 6 
Production of a Tc-99m MoAb labelling kit 
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Figure 7 
Radioimmunoimaging using avidin-biotin conjugation 
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Carbohydrate-directed radwUbelKag of MoAb 

The carbohydrate moiety of a MoAb is remote from the 
variable region of the protein so that modification of the 
antigen-binding capacity of the antibody by attachment of the 
radiometal to the carbohydrate is highly unlikely. 

In one method [21] periodate oxidation of the carbohydrate was 
followed by reaction with a hexylamine-DTPA analogue. After 
radiometal labelling, this compound showed a significantly 
faster clearance from the circulation than the conventionally 
conjugated DTPA-MoAb. 

In another application [22] the oxidized carbohydrate was 

treated with l,6-diamino-hexylcth)lenediaminedi-o-hydroxy-
phenylacetic acid. After cyanoborohydride reduction the MoAb 
was conjugated with p-aminoaniline-DTPA. Antibodies mo
dified in this manner localized more efficiently into target 
tumours than the same antibody labelled in more conventional 
manners. 

Porymer-coajagated MoAb's 

MoAb's radiolabeled to a high specific activity lose immuno-
reactivity. By conjugation of an inert synthetic polypeptide to 
the MoAb, efficiency of radiolabelling rr?y be increased 
without compromising antigen-binding capacity (Fig. 8). 

M M 
I i 

DTPA DTPA 
I I 

N-SUCCINIC-POLYLYSINE 
I I 

DTPA DTPA 
I • 

M M 

ACID 

Figure 8 
Schematic presentation of a MoAb radiolabelled via a polymer 
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Polylysine or polyethyleneimine was treated with DTPA after 
which the remaining free amino groups were linked .o succinic 
acid. By means of the conventional carbodiimide peptide 
synthesis these succinic acid groups were reacted with amino 
side chains on a MoAb. These polymer-antibody complexes 
were capable of binding up to ISO radiometal ions. The 
radiolabeled compounds were cleared rapidly from the cir
culation with minimal hepatic and renal activity when a 
polymer-antibody fragment was tested [23]. 

In another polymer-conjugation technique, the sulphur-rich 
low molecular mass protein, mctallothioneii is used [24]. 
Metallothionein can bind up to 20 atoms of a variety of metals 
after bifunctional chelation. These metal ions may be displaced 
by metals with a higher stability constant. Tc(V) has a high 
affinity for sulphur groups; labile Tc-99m glucoheptonate may 
therefore be used to replace Zn(II) ions in the metallothionein. 
Refinement of the transudation procedure seems to be needed 
since incomplete exchange necessitating purification of a Tc-
99m-labelled compound, has been reported [25]. 

Bisthiosemicarbazones as bifunctional chelating agents 

Various bisthiosemicarbazones with diverse functional groups 
have been synthesized to be used as bifunctional chelators but 
difficulties were encountered in preparing the protein-conjugates 
[26]. As experiencec with other bifunctional chelating agents, 
the chemical nature of the chelator plays an integral role in the 
characteristics of the radiometal-conjugated proteins. The 
bisthiosemicarbazone,p-carboxy-ethylphenylglyoxal-di(N-me-
thylthiosemicarbazone) (CE-DTS) (Fig. 9), appears to have a 
high potential as a bifunciional chelator [27[. 

In a reaction which has proved suitable for lgG MoAb's, the 
carboxy I group of CE-DTS is activated by coupling to diphenyl-
phosphoryl azide. By means of this azide the chelator is then 
bound in a 1:1 molar ratio to an amino group of the protein. No 
cross-linkage or loss of immunoreactivity of the IgG was noted. 
Some problems were encountered with the SnCl2 acetate-
buffered Tc-99m labelling of the conjugate at different pH 
values, but by the use of SnCl2 in a tartrate buffer at pH 6,2 the 
immunoreactivity of the radiolabeled MoAb was indistinguish
able from the original. Unfortunately a 3-h reaction time is 
needed to obtain efficient Tc-99m labelling. 

After 6 h incubation of the radiolabeled conjugate in mouse 
serum the antigen- binding capacity was unchanged. When the 
biodistribution of the In-111-DTPA-MoAb and Tc-99m-CE-
DTS-MoAb was compared, the values in the blood were not 
significantly different after 24 h but values of Tc-99m accumu
lation in the liver and kidney decreased while the In-111 activity 
remained unchanged [27]. 

Diamide dimercaptide-conJHgated antibodies 

The new Tc-99m tubular-function radiopharmaceutical, MAG, 
(NeoRx), is a diamide dimercaptide (N2S2) derivative. It was 
discovered that, other than functioning as a renal agent, 
derivatives of this ligand could also act as bifunctional chelating 
agents yielding Tc-99m complexes with predictable properties 
and a high stability [17]. Initially, the researchers employed the 
conventional method of antibody bifunctional chelate con
jugation followed by transfer of Tc-99m from a weak chelating 
agent to the antibody conjugate [17]. The exchange reactivity of 
the N,S 2 system was low enough to necessitate heating at SO °C 

H3CN 

\ 
OH 

PROTEIN BINDING SITE 

Tc-99m CHELATING SITE 
S ^ * N C H 3 

Figure 9 
The bifunciional chelator CE-DTS 
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for 1 h to obtain good yields of radiolabel, which was more 
rigorous than desired and it was found that higher molecular 
mass aggregates were forming. 

The scheme shown in Fig. 10 [28] is more successful but 
involves more manipulation on the part of the consumer if this 
method is to be used for kit formulation. 

Cooping of redaced antibodies to Tc-99m 

The affinity of Tc-99m for sulphur groups has been mentioned 
previously. By making use of this property of Tc-99m, which is 
also encountered in isotopes of Re and Cu, an ingenious 
radiolabelling system was evolved [29]. 

In this method any protein which contains a disulphide bridge is 
treated with a suitable reducing agent. During reduction two 
free sulphydryl groups are formed. Spent and unreacted 
reducing agent is then removed, e.g., by means of exclusion 
chromatography. An antibody treated in this manner will revert 
to the disulphide form if a stabilizer is not added. A stable 
reduced antibody may be stored frozen until needed after the 
addition of ZnCI2. Tc-99m glucoheptonate, prepared using 
either standard procedures of SnCI2 reduction or obtained from 
a commercial kit, firmly labelled stabilized reduced antibodies 
to the extent that transudation was insignificant when the 
radiolabeled proteins were challenged by an excess of free 
DTPA. 

'OH 

^ s s 
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N 

Tc 

CHELATE WITH ACTIVATED ESTER 
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S S-
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Figure 10 
Tc-99m-lahelling of a MoAh hy means of a N2S2 afunctional chelate 
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CONCLUSION 

There is no doubt that the use of radiolabeled MoAb's in 
immunodiagnosis has potential — a great deal of the research 
cited above is being conducted by commercial concerns. 
Furthermore, the future of Tc-99m in this field seems assured by 
the intention of a Kodak-financed company to release, subject 
to FDA approval, a Tc-99m labelling kit containing a melanoma 
antibody imaging a f cïnt, possibly prepared using one of the 
methods mentioned in this paper, in the course of this year [30]. 
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QUALITY ASSURANCE OF TECHNETIUM-99m RADIOPHARMACEUTICALS 

O E Forsyth 

SAMEVATTTNG 

Die doel van gehalteversekeríng in radiofarmasie is om te 
verseker dat net veilige, doeltreffendc radiofannaseutiese 
middels van eenvormige gehalte in die voorgeskrewe dosis 
toegedien word. 

Die veiligheid en doettreffendheid van radiofannaseutiese 
middels moet nooit as 'n statiese belangegcbied beskou word 
nie. Daar moet opgelet word dat dit 'n integrerende deel van 
gehalteversekering is om te sorg dat, waar moontlik, bestaande 
radiofannaseutiese middels deur nuwer middels vervang word 
wat beter inligting verskaf of 'n laer stralingsdosis vir die pasient 
tot gevolg kan he. 

Tegnesium-99m radiofannaseutiese middels bestaan uit twee 
komponente, nl. die tegnesium-99m-moederbron en die chemiese 
formulasie wat as 'n steriele stelletjie verskaf word en dus 'n 
unieke uitdaging aan gehalteversekering bied. Elke komponent 
sowel as die finale eindproduk moet aan hoi veiligheid-, 
doehreffendheid-, suiwerheid-, steriliteit- en apirogenisiteit-
standaarde voldoen. 

Die opbrengs en veiligheid van die tegnesium-99m-moederbron 
in stralingsterme hang saam met die radionuklidiese suiwerheid. 
Beeldingsdoeltreffendheid van die setel(s) van belang is grootliks 
van die pH van die afsonderlike en saamgestelde komponente 
en van die merkingsdoeltreffendheid van die eindproduk sowel 
as sy radiochemiese suiwerheid afhanklik. Steriliteit en apiro
genisiteit word bewerkstellig deur die inbou van gehaltepro-
sedures in die algehele proses van vervaardiging en hantering. 
Biodistribusietoetse word op muise uitgevoer om te verseker 
dat die setel(s) van belang wel gebeeld word en die Limulus 
Amoebocyte Lysate toets bevestig die apirogenisiteit van die 
steriele stelletjie. 

ABSTRACT 

The purpose of quality assurance in radiopharmacy is to ensure 
that only safe and effective radiopharmaceuticals of uniform 
quality are administered in the prescribed dose. 

The safety and efficacy of radiopharmaceuticals must never be 
regarded as a static field of interest and it should be noted that it 
is an integral part of quality assurance to replace, wherever 
possible, established radiopharmaceuticals by newer ones that 
give better information or cause a lower radiation dose to the 
patient. 

Technetium-99m radiopharmaceuticals comprise two com
ponents, viz. the technetium-99m generator and a chemical 
formulation supplied as a sterile kit, thus offering a unique 
challenge to quality assurance. Each component as well as the 
final product has to conform to high standards of safety, 
efficacy, purity, sterility and apyrogenicity. 

The yield and safety in radiation terms of the technetium-99m 

generator are related to the radionuclidic purity. Efficiency of 
imaging the site(s) of interest depends largely on the pH of the 
separate and combined components and the labelling efficiency 
of the final product as well as its radiochemical purity. Sterility 
and apyrogenicity are achieved by incorporating quality pro
cedures into the total process of production and handling. 
Biodistribution tests on mice are conducted to ensure that sites 
of interest are imaged, and Limulus Amoebocyte Lysate tests 
establish apyrogenicity of the sterile kits. 

INTRODUCTION 

Quality Assurance is not a finite object that can be measured 
and described physically. It is rather like a pretty girl in a bikini, 
you can describe and measure all the parts but it is the manner in 
which they are put together that makes the difference. It is a 
continuous striving for excellence, demanding the same per
severance and dedication as when striving to produce a perfect 
rose or establish a world record. 
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The quality of a product is the -am of the characteristics that 
determine the extent to which it will satisfy the needs of the user. 
The basic philosophy of Quality Assurance is that quality 
cannot be achieved by the testing of end products alone. Quality 
must be built into the product at all stages by a system of 
Quality Assurance, which embraces Good Manufacturing 
Practice, Quality Control testing plus other factors such as 
product design and development [1]. The interrelation of these 
aspects is shown in Fig. 1 

QUALITY ASSURANCE 

DESIGN & ? 
DEVELOPMENT 

GOOD MANUFACTURING QUALITY CONTROL 
PRACTICE 

Figure i 
Interrelation of aspects of Quality Assurance 

LEGAL REQUIREMENTS 

In South Africa the manufacture of any medicine, the definition 
of which includes radiopharmaceuticals, must take place under 
the personal supervision of a pharmacist in terms of the 
Pharmacy Act, 1974 (Act 53 of 1974). In addition, the 
Medicines and Related Substances Control Act, 196S (Act 101 
of 1965) requires any medicine, including radiopharmaceu
ticals, to be registered by the Medicines Control Council before 
it may be offered for sale or supply. The manufacturer is also 
subject to the provisions laid down in the legislation listed in 
Table 1, which places a heavy legal responsibility on the 
pharmacist. 

TABLE 1 
ACTS RELATING TO PHARMACY 

Pharmacy Act, 1974 (Act 53 of 1974) 
Medicines and Related Substances Control Act, 1965 (Act 
101 of 1965) 
Hazardous Substances Act, 1973 (Act 15 of 1973) 
Liquor Act, 1977 (Act 87 of 1977) 

Foodstuffs, Cosmetics and Disinfectants Act, 1972 (Act 54 
of 1972) 
Fertilizers, Farm Feeds, Agricultural Remedies and Stock 
Remedies Act, 1947 (Act 36 of 1947) 

Abuse of Dependence Producing Substances and Rehabili
tation Centres Act, 1971 (Act 41 of 1971) 

Medical, Dental and Supplementary Health Service Pro
fessions Act, 1974 (Act 56 of 1974) 
Atomic Energy Act, 1967 (Act 90 of 1967) 
Nuclear Energy Act, 1982 (Act 92 of 1982) 

The Isotope Production Centre employs two pharmacists 
whose primary responsibilities are respectively supervision of 
production and quality assurance. They also advise the research 
and development group on pharmaceutical requirements and 
Good Manufacturing Practice. 

The Application for Registration of a Drug (form MBRI) 
requires all the details of the formulation, raw ingredients, 
intermediate and final products, containers, pharmaceutical 
parameters, production method, as well as preclinical and 
clinical testing. This document forms the "contract" between 
the manufacturer and the Medicines Control Council under 
which the specific formulation may be manufactured and sold. 

As a result of representations made by the author, after 
consultation with prominent nuclear physicians, to the Medi
cines Control Council, the Council has revized the requirements 
for the registration of radiopharmaceuticals. These requirements 
are set out in the Medicines Control Council's Circular 
No. 6/88 entitled "Guidelines for the Registration of Radio
pharmaceuticals." Relief has been granted from chronic and 
sub-acute toxicity testing and clinical trials provided the 
radiopharmaceutical compares favourably in animal testing 
with the equivalent product sold and registered in a foreign 
country. 

AIM 

The purpose of quality assurance in radiopharmacy is to ensure 
that only safe and effective radiopharmaceuticals of uniform 
quality are administered in the prescribed dose. Quality is not a 
uniquely defined term and a product of a given quality may be 
acceptable under one set of circumstances but unacceptable 
under another. The safety and efficacy of radiopharmaceuticals 
must never be considered a static field of interest. Thuc, to 
obtain the best available information on nuclear medicine, 
ongoing development of radiopharmaceuticals is required, 
taking into account new technology. It should also be noted 
that it is an integral part of quality assurance to replace, 
wherever possible, established radiopharmaceuticals by newer 
ones that give better information or cause a lower radiation 
dose to the patient. As quality is never established by analytical 
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quality control only, it is very important to incorporate quality 
procedures into the total process of production and handling [2]. 

The final step in the production of Tc-99m radiopharmaceuticals 
usually takes place at the hospital when the chemical formulation 
supplied as a sterile kit is labelled with the eluate of a Tc-99m 
generator. Each component on its own and the final combined 
product must conform to the same high standards of safety, 
efficacy, purity, sterility and apyrogenicity, thus offering a 
unique challenge to quality assurance. As the final product is 
prepared at the point of use, it is outside the control of the 
manufacturer, who nevertheless must be in a position to assure 
the quality of that final product, provided that the instructions 
for preparing the product have been faithfully followed. 

METHOD 

Quality Assurance at the Isotope Production Centre of the 
Atomic Energy Corporation encompasses a system of fully 
documented, supervized production and testing procedures 
from the receipt of the raw ingredients to the despatch of the 
product in its final packaging. 

As the final product cannot be better than its ingredients, each 
ingredient is identified and assayed for purity on arrival at the 
Isotope Production Centre before it is released for use in 
production. The criterion for most raw ingredients is a purity 
between 90% and 110% of the specifications laid down in the 
British Pharmacopoeia [3] or similar reference work. As the 
field of radiopharmacy is a dynamic developing one, specifi
cations are not always available in the Pharmacopoeias and 
alternative sources of reference must be found or standards 
determined. 

At various prescribed stages of production, samples are with
drawn and tested by the Quality Control Department. These 
results together, with the results of the tests conducted on the 
final product, are critically scrutinized before the product is 
released for sale. 

All production is conducted under the continuous personal 
supervision of a pharmacist whose responsibility is the ob
servance of Good Manufacturing Practice. 

QUALITY ASPECTS 

Some aspects of quality relating specifically to radiopharma
ceuticals are: 

RadiomclkHc parity 

Radionuclide purity is the proportion of the total radioactivity 
that is present as the stated radionuclide [4]. 

Permissible levels of Mo-99 in the eluate of a Tc-99m generator 
are 37kBq of Mo-99 per 37 MBq of Tc-99m but the total dose 
administered to the patient may not exceed 185 kBq of Mo-99 
[5], Shearer and Pezzullo have proposed "A kinetic model for 
the dosimetry of radiopharmaceuticals contaminated by Mo-
99" [5] in which they calculate the dose to the contaminant 
target organ as the sum of the doses from a) the initially 
unbound contaminant and b) the contaminant later released by 
the degradation of the radiopharmaceutical. 

The yield of the Tc-99m generator depends on the manner in 
which the column adsorbs Mo-99. The acid gradient of the 

alumina column of the Peltek-F generator adsorbs the Mo-99 
over a large area, reducing the radiolytic reduction effect and 
resulting in a high yield of sodium pertechnetate-Tc-99m BP 
and very low Mo-99 breakthrough [7]. 

PH 

The pH of each component of the Tc-99m radiopharmaceutical 
plays a critical role in effecting efficient labelling, and the pH of 
the final product must be suitable for intravenous administration 
to human patients. 

Sterile kits can present formulation problems, e.g. the DISID A 
kit. DISIDA is soluble in alkaline medium and precipitates in 
acid medium, whereas tin dichloride is stable in acid medium 
and hydrolizes in alkaline medium. The pH of the kit must 
therefore maintain the DISIDA in solution and the tin dichloride 
in the correct state to effect efficient labelling with Tc-99m [6]. 

Generator eluates. It has been found that a pH of less than 5 in 
the eluate increases the possibility of elevated aluminium levels, 
with the resultant problems of toxicity and inefficient labelling, 
giving rise to undesirable background during imaging. Should 
the pH exceed 6,5, the possibility of Mo-99 breakthrough 
occurring increases giving rise to radiochemical impurities [7]. 

Radiochemical parity 

Radiochemical purity is defined as that fraction of a specific 
radioisotope that is present in the desired form [8]. Radio
chemical impurities can produce imaging artifacts, creating 
false positive or false negative images. Probably the most 
common radiochemical impurity encountered is that of free 
pertechnetate in Tc-99m-labelled compounds. Injection of a 
Tc-99pi-labelled radiopharmaceutical containing large imounts 
of free pertechnetate produces image artifacts in th> form of 
stomach, thyroid and salivary gland uptake. Unwar ted locali
zation of free pertechnetate can mask areas of interest in other 
diagnostic procedures. For example, during bone imaging, 
uptake of free pertechnetate in the stomach may hide rib and 
spinal lesions and salivary gland uptake could be mistaken for 
mandibular lesions. Futhermore, radiochemical impurities nu»y 
alter the critical organ dose, change the biodistribution and lead 
to image quality degradation [9]. In essence, the benefit-versus-
risk ratio is lowered [10]. 

BkxHstribatioa 

This test, carried out on the final product, confirms that the 
radiopharmaceutical does in fact image the site(s) of interest. 
Although each component may meet the prescribed specifi
cations of the quality control tests, this does not guarantee that 
the final product will image the site(s) of interest. Inefficient 
labelling or a trace of contaminant so small as to escape 
detection in quality control tests will alter the biodistribution 
pattern established for that radiopharmaceutical. 

For this test the final product is injected into white mice, which 
are sacrificed after a suitable time interval and the mass and 
uptake of Tc-99m of each organ determined. The results must 
conform to the normal expected pattern for that radiophar
maceutical. 

White mice are also used to test each batch of sterile kits for 
acute toxicity before it is approved for sale. 
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Sterility 

This vital requirement is achieved by the efficient, strict 
implementation of Good Manufacturing Practice under the 
personal supervision of a pharmacist at all stages of production. 
Before use, all equipment is sterilized by either heat, autoclave 
or gamma radiation and samples from each batch are tested to 
prove sterility. Primary reagents are prepared in sterilized 
laminar air flow cabinets before being transferred to the hot cell 
complex for further manipulation. Sterile kits are manufactured 
using aseptic technique in a class 100 sterile tent, monitored by 
agar settle plates for aerial contamination and finger plates to 
monitor the gloves of the production personnel. The product is 
freeze-dried and sealed in the sterile tent and a representative 
sample tested for sterility according to British Pharmacopoeia 
specifications [3]. 

Limulus amoebocyie lysate test for pyrogens 

Following the initial observation by Bang [10] that a gram 
negative infection of the horseshoe crab, Limulus polyphemus, 
resulted in a fatal intravascular coagulation, a quantitative test 
to determine pyrogenic concentrations in solutions has been 
developed. The present LAL method utilizes the initial part of 
the LAL endotoxin reaction to activate an enzyme which, in 
turn, releases p-nitroaniline from a synthetic substrate to 
produce a yellow colour. The correlation of absorbance and 
endotoxin is linear in the 0,1 to 1,0 EU range and the 
concentration of endotoxin in a sample is calculated from the 
absorbance values of solutions containing known amounts of 
endotoxin standard [11]. 

This test demands a high level of technician competency, is very 
sensitive to temperature and pH and some products inhibit the 
test. Inhibition can be overcome by diluting the product until 
75% of the endotoxin added to the product is recovered. We are 
in the process of validating our products and intend to replace 
the rabbit test with this faster, more sensitive quantitative test. 

CONCLUSION 

In order to ensure that only safe and effective radiopharma
ceuticals of uniform quality are produced the efficient imple
mentation of a system of Quality Assurance is required. 
However, as quality cannot be tested in a product it must be 
built into it by conscientious workers in every phase of 
processing and production. The excellence of a company's 
products reflects the integrity, competence and pride of all the 
men and women involved in the design, production and 
marketing of its products [12]. 

My remarks can best be summarized as she wing that quality 
does not just happen, but is the result of a complex system and 
that the success of the system is dependent on people. 
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QUALITY CONTROL OF TECHNETRJM-99m RADIOPHARMACEUTICALS 

TNranderWah 

SAMEVATTING 

Primêre radioisotope en radiogemerkte verbindings word 
wêreldwyd gebruik vir m vivo diagnostiese studies in kern-
geneeskunde. Gehaltebeheer word streng op hietdie verbindings 
toegepas. Steríliteit, apirogenisiteit en chemiese suiwerheid is 
belangrike vereistes vir radiofarmaseutiese middels. 

Hierdie voordrag gee 'n oorsig van gehaltebeheer en stel 
gehaltebeheertoetse op geselekteerde radiofarmaseutiese 
middéls voor. 

ABSTRACT 

Primary radioisotopes and radiolabeled compounds are widely 
used for in vivo diagnostic studies in nuclear medicine. Strict 
quality control of these compounds is necessary. Sterility, 
apyrogenicity and chemical purity are important requirements 
for radiopharmaceuticals. 

This paper gives an overview of quality control and presents 
quality control tests on selected radiopharmaceuticals. 

INTRODUCTION 

Primary radioisotopes and radioisotope-labclled compounds 
are widely used for in vivo diagnostic studies and therapeutic 
treatment in nuclear medicine. Radioactive materials given to 
patients for the purpose of diagnosis or therapy are by nature 
pharmaceuticals and are generally called radiopharmaceuticals 
[1] and include radioactive compounds and nonradioactive 
labelling kits. The latter are inorganic or organic compounds 
which are labelled with a radioisotope for in vivo diagnostic 
studies or therapy in nuclear medicine. In evaluating routine 
and nonroutine radiopharmaceuticals for patient use, a number 
of criteria must be considered. Among these are chemical, 
radionuclidic and radiochemical purity, specificity, stability, 
safety, apyrogenicity and sterility [2]. 

Radiopharmaceuticals are registered at the South African 
Medicines Control Council and a submission is required for 
registration. The submission includes a description of the 
materials used (e.g. reagents and glassware), the production 
process (including specifications of the method, raw materials, 
preparation of reagent solutions, intermediate and final pro
ducts) and the quality control tests. 

The quality control tests are usually designed to check that the 
content process is carried out according to the specifications 
laid down in the submission, and to see that the final product 
complies with the specification. At the Isotope Production 
Centre (IPC) of the Atomic Energy Corporation of S.A. Ltd. 
quality control tests are carried out on the eluates of the Mo-99-
Tc-99m generators, the labelling kits and the labelled com
pounds. 

Specificity is the assurance that the particular radiopharma

ceutical will go predominantly to the target organ and will be 
cleared rapidly enough from the body in order to minimize the 
radiation effects. It is essential to understand the metabolic and 
kinetic fate of a product. When a radioactive compound is 
administered to a living organism, it undergoes a time-dependent. 
distribution within the body [2]. The kinetic pattern, which 
includes the rate of distribution and elimination, will to an 
extent depend on the method of administration, nature of the 
chemical compound, and its metabolism [3]. 

Radionuclidic, radiochemical and chemical purity are other 
parameters which have to be considered for radiopharma
ceuticals. The quantitative identification of the radionuclide as 
well as of any radionuclidic impurities can be performed by the 
identification of the type of emitted radiation and its energy, 
and the comparison of these data with those of reference 
sources. Charts of spectra are available for comparison [4]. 
Identification of the radioisotope and its gamma-ray energies 
are done by high-resolution gamma-ray spectroscopy. 

Radiochemical purity is probably the most often performed 
study on a radiopharmaceutical. The radiochemcial purity 
describes the proportion of total radioactivity present in the 
desired chemical form. The radiochemical impurities are that 
proportion of total radioactivity present in the undesired form, 
e.g. free Tc-Wm-TcO; or "c-99m colloids in solutions of 
Tc-99m-labelled compounds. Radiochemical impurities may 
arise as a result of chemical instability of the compound or as a 
result of radiation decomposition during storage [5]. The 
analytical methods used for the determination of the radio
chemical purity differ greatly, ranging from gamma spectro
metry to paper chromatography, thin-layer chromatography, 
paper electrophoresis, ion-exchange chromatography, gel electro
phoresis, gel filtration, solvent extraction and dialysis. Rather 
than review well-known procedures, this paper will focus on 
Tc-99m radiopharmaceuticals, describing the methods adopted 
for individual items. 

Chemical purity involves the inactive isotopic and non-isotopic 
impurities. Special attention is given to the detection and 
determination of toxic compounds which may be present in the 
final product [6]. The chemical impurities are determined by 
analytical methods such as atomic absorption spectrometry and 
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spectrophotometry. An important test in the progression of the 
development of a new drug from research to routine status is the 
assessment of stability of a radiopharmaceutical. A stability test 
will indicate whether a product retains its initial physical, 
chemical and biological attributes. It will also substantiate the 
product's continuing safety and efficacy for the intended 
purpose [2]. Radiopharmaceutical preparations are less likely 
to retain their initial purity because of their liability to 
decomposition by self-radiation [7]. In the case of Tc-99m-
labelled compounds, decomposition during storage is not really 
a problem since the kits are usually labelled with Tc-99m at the 
hospital just before use. 

Shelf-life considerations must also be derived. For nonradio
active kit materials, the shelf lives may extend for six months 
but this depends largely on the chemical formulation. It is 
essential that the shelf life of each labelling kit should be 
determined at the relevant storage conditions. Safety testing 
usually refers to a bioassay conducted to assess the toxicity of 
each lot of a marketed pharmaceutical [8]. The radiotoxicity 
and chemical toxicity of the nonradioactive ingredients must be 
evaluated as potential sources of toxicity in radiopharmaceu
ticals. Since radiopharmaceuticals are mostly used as diagnostic 
agents, the radiation dose is usually minimal. Radiotoxicity is 
estimated from the radiation dose to ensure that this dose will 
be within acceptable limits. The study of the toxicity of the 
nonradioactive components in the preparation is more im
portant, e.g. the presence of inactive aluminium and nitrates in 
eluates of the Mo-99-Tc-99m generator, or reducing agents, or 
preservatives in the formulation. Routine microbiological tests 
are carried out on all products prepared at the IPC for 
intravenous injections to assure sterility, apyrogenicity and 
undue toxicity. Sterility means that the material to be injected is 
free of microorganisms such as bacteria. Pyrogens are bacterial 
byproducts. The inadvertent contamination of intravenous 
solutions with pyrogens may cause headache, chills and fever, 
hypotension, and even shock and death [2]. Pyrogens are not 
removed by Millipore filtration and cannot be removed by 
simple boiling of the solution. Both pyrogen and undue toxicity 
tests are invariably completed before the release of the radio
pharmaceutical. 

This is the ideal situation but it is not always possible to 
impl—lent all these tests. 

QUALITY CONTROL OF SELECTED Tc-99m RADIO
PHARMACEUTICALS 

Raw materials wed hi Tc-99m radiopharmaceuticals 

Quality control of the raw materials used in labelling kits is 
essential because the Tc-99m-labelled compound* are used for 
in vivo diagnostic studies in human beings. The contents purity 
(e.g. the percentage purity of DISIDA), the active component 
purity (e.g. tin(II) in stannous chloride), the moisture contents 
and the puritv and concentration of the reagent solution (e.g. 
sodium hydroxide, 1 M) are generally determined by analytical 
methods. The purity should be between 95 and 105% of the 
specifications laid down by the manufacturer of the chemical. 

Raw materials are often synthesized in the laboratory for use in 
the labelling kits. Quality control tests are often specially 
developed for a specific compound. DISIDA is prepared by the 

method described by Zmbova and Konstantlnovska-Djokic [9] 
and the qualitative purity of the product is monitored by 
nrclear magnetic resonance spectrometry. The percentage 
purity can be determined by a complexo.netric method recently 
developed [6]. 

Because of logistic problems in obtaining the pure calcium-
trisodium salt of DTPA (CaNa3 DTPA) for use in the DTPA 
labelling kit, a method was recently developed to synthesize the 
CaNa, DTPA. A complexometric method was also developed 
to determine the calcium and DTPA contents of the salt [6]. It 
consists of successive complexometric titrations of the DTPA 
and calcium, using the same sample solution. 

The new quality control tests and synthesis described above will 
be implemented as soon as permission is granted by the 
Medicines Control Council. 

The radioactive conpoaent of Tc-99m radiopharmaceuticals 

The radioactive component Tc-99m is obtained from the Mo-
99-Tc-99m generator. Tc-99m is formed by decay of Mo-99, 
adsorbed on alumina in a glass column which is housed in a lead 
container. Mo-99 is obtained either from neutron-irradiated 
Mo-98 or from fission products, the latter being used at the IPC. 
The widespread use of Tc-99m has created a need for methods 
controlling the quality of the eluate. Tests for radionuclidic, 
radiochemical and chemical purity have been widely studied. 
Possible contaminants of the Tc-99m eluate are Mo-99, 
aluminium and nitrates. 

Mo-99 breakthrough in the Tc-99m eluates is tested before the 
generators are dispatched to the hospitals. It is measured in an 
ionization chamber with a centre well for samples. Two 
readings are taken, one in a perspex holder and the other one in 
a perspex holder fitted with a lead shield. The high-energy 
gamma rays of Mo-99 pass through the lead shield while the 
lower-energy gamma rays of Tc-99m are shielded off. This 
method is satisfactory for the rapid determination of the Mo-99 
breakthrough which should not exceed 0,1% of the total 
radioactivity [10]. 

Aluminium is currently determined in the eluates by atomic 
absorption spectrometry, after a decay period of 14 d. Because 
the eluates are used before these results are known, a rapid and 
very sensitive spectrophotometric method was developed to 
determine the aluminium contents prior to use [11]. Microlitre 
aliquots of the Tc-99m eluates are treated with eriochrome 
cyanine R and hexadecylpiridium chloride in an ethylene-
diamine-buffered system at pH 7,5. The absorbance of the 
aluminium eriochrome cyanine R-hexadecylpiridium chloride 
complex is measured with a spectrophotometer and the 
aluminium contents calculated using a standard airve similarly 
prepared. This method will also be implemented in the very near 
future as soon as permission is obtained from the Medicines 
Control Council. 

The nitrate contents is potentiometrically determined in the 
eluate after decay of the Tc-99m. 

Sterility tests are carried out during the production process of 
the generators and on the eluate of the generator. No bacterial 
growth should occur, especially gram-negative bacteria. Sterility 
and pyrogen tests are done at the South African Bureau of 
Standards, but we are validating the LimuJus Amoebocyte 
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Lysate (LAL) test of Whittaker Bioproducts [12]. The test is a 
simple spectrophotometric method which enables the micro
biologist to rapidly determine pyrogens in solutions for in
travenous injections. The limit for endotoxins is S EU/kg body 
mass in a maximum dose given in 1 h, i.e. for an average 70 kg 
adult the limit is 350 EU/dose/h. An advantage of doing an 
in-house test such as the LAL test is that it may be performed on 
radioactive compounds, e.g. radiolabeled monoclonal anti
bodies. 

Other parameters monitored on generator eluates are pH 
values, which should lie between 4,5 and 6,5, and the efficacy of 
the generator. The efficacy refers to the ratio of Tc-99m activity 
which is eluted from the generator and the theoretical Tc-99m 
activity which should be available from the decay of Mo-99 
after the growing-in period. 

Sterile labelliag kits 

Sterile labelling kits are prepared batchwise according to 
specified formulations. Examples are the DISIDA, MDP and 
DTPA kits which are labelled with Tc-99m at the hospital prior 
to use. Quality control tests are done on randomly selected 
samples from each batch prepared at the IPC. These tests 
include sterility and pyrogen tests, as well as the determination 
of the contents of each ingredient of the formulation per vial, 
e.g. tin(II) chloride in the tin-colloid labelling kit. 

Analytical methods for the determination of radionuclide and 
radiochemical purity are usually included in publications on the 
preparation and uses of labelled compounds. However, methods 
for the determination of the contents of the ingredients of the 
formulations are rarely included in these papers. Physicians and 
chemists often require simple methods for the determination of 
such ingredients. 

A method was recently developed for the indirect spectro
photometric determination of DISIDA, MDP and DTPA in 
labelling kits or solutions of the labelled compounds [6]. The 
method is based on the addition of a small excess of copper to 
form a complex either with DISIDA, MDP or DTPA. Tne 
remaining "free" copper forms the copper eriochrome cyanine 
R-dodecylethyldimethylammonium bromide complex in a 
sodium barbital-buffered system at pH 8,5. The calibration 
curves are shown in Fig. 1 — 4 [6]. Table I [6] shows the results 
of typical determinations of the DISIDA, MDP and DTPA 
contents in solutions of Tc-99m-labelled compounds, using 
aliquots of 50 /A. This method will be implemented only after 
permission is granted by the Medicines Control Council. The 
indirect determination of the DISIDA, MDP and DTPA 
contents of a solution of the compound, before or after 
labelling, can easily be carried out at the hospital. No expensive 
equipment is needed because the contents can be estimated by 
visual comparison with a set of standard solutions similarly 
prepared. 
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Figure I 
Calibration curve for the Indirect spectrophotometric determination ofBIDA with copper, 

ECC and DEDA In a sodium barbital-buffered system at pH8,5 
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Figure 2 
Calibration curve for the indirect spectrophotometric determination ofDISIDA with copper, 

ECC and DEDA in a sodium barbital-buffered system at pH 8,5 
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Figure 3 
Calibration curve for the indirect spectrophotometric determination o/DTPA with copper, 

ECC and DEDA in a sodium barbital-buffered system at pH 8,5 
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Figure 4 
Calibration curve for the indirect spectrophotometric determination ofDEDA with copper, 

ECC and DEDA in a sodium barbital-buffered system at pH 8,5 

TABLE 1 
DETERMINATION OF DISIDA, DTPA AND MDP IN SOLUTIONS 

CONTAINING THE Tc-Wm-LABELLED COMPOUNDS 

RADIOLABELLED 
COMPOUND 

ALIQUOT 
Oil) 

MASS DETERMINED* 
(mg/vial) 

Tc-99m-DISIDA 
Tc-99m-DTPA 
Tc-99m-VIDP 

50 
50 
50 

43,0 ±0,3 
4,9 ±0,1 
5,1 ± 0,3 

* Mtan of three determinations 

Routine analyses are also done to determine the efficacy of the 
"cold" sterile kits by labelling them with Tc-99m according to 
the package inserts. The radiochemical purity is determined by 
paper chromatography (Fig. 5) [ 13] and radionuclide purity by 
gamma spectroscopy. Biodistribution tests are also done to 
determine the specificity of the labelled compound. It is most 
easily determined by use of animal models. The radiopharma
ceutical is administered to the animal by intravenous injection. 
74 kBq of Tc-99m activity are usually injected into a mouse 
having a body mass of ca 20 g. The biodistribution can then be 
followed quantitatively by the dissection of the mouse and by 
measuring the radioactivity in each organ, e.g. the biodistri
bution for Tc-99m pyrophosphate should be as follows: >20% 
in the bones, < 10% in the muscles, <10% in the blood and <2% 
in the liver. Similarly, the biodistribution can be followed 
qualitatively (at IPC) and quantitatively (at the Universitas 

Hospital) using a bigger animal (usually a rabbit or a baboon) 
by means of a gamma camera. 

Toxicity tests are done by using 100 times the amount of the 
compound administered to a human being of 70 kg and scaled 
down to a mouse with a body mass of 20 g, e.g. 0,15 mg of 
DTPA given to a 20 g mouse is equivalent to a human dose of 
525 mg per 70 kg body mass. The mice are observed immediately 
post administration for shock and then for a further 24 h for 
signs of abnormality. 

Each ingredient of a labelling kit can affect stability. Environ
mental factors, such as temperature, radiation, light, air 
(specifically oxygen and carbon dioxide) and humidity can also 
affect stability. Similarly, such factors as particle size, pH, the 
properties of other solvents employed, the nature of the 
container, and the presence of other chemicals, resulting from 
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Figure 5 
Paper chromatography ofTc-99m-labelledDTPA 
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contamination or from the intentional mixing of different 
products, can influence stability [ 14]. The stability of the kits is 
also tested. The shelf life of each kit is established at the relevant 
storage conditions. Tests performed to determine the shelf life 
are the determination of the moisture contents, which should be 
less than 5%, hydrolysis of the stannous chloride, which causes 
solubility problems and poor labelling due to incomplete 
pertechnetate reduction, labelling efficacy of the labelled com
pound, which should exceed 90% and the chemical composition 
of the kit, e.g. 40 mg of DISIDA and 0,5 mg of SnCI2.2Hj 0 
per vial. 

CONCLUSION 

Quality control plays an important róle in the production of 
radiopharmaceuticals. Radiopharmaceutical preparation re
quires a combination of good pharmaceutical practice and 
good radiation protection procedures, which must be monitored 
by good quality control tests. 
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